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STEP AP - Thermal Analysisfor Space

Abstract

This document isa STEP Application Protocol for the electronic exchange of product model datain the
field of Thermal Analysis for Space applications (STEP-TAS). STEP (STandard for the Exchange of
Product model data) is the casual name for the |SO 10303 standard. STEP-TAS is a so-called External
Application Protocol, which meansit is not an official 1SO work item. Its development is initiated and
funded by the European Space Agency (ESA) in corporation with the French Space Agency (CNES).

The STEP-TAS Application Protocol attempts to address the industria need for a stable, long term
solution for efficient and reliable exchange of space thermal engineering model and results data. The
thermal control engineering of spacecraft and other space-related equipment requires extensive
computer-supported analyses and tests. In typical space projects several companies and/or institutions
work together. They are often located at different sites, which may be geographically far apart and they
often use different computer platforms.

ISO 10303 / STEP is a series of International Standards for the computer-interpretable representation
and exchange of product data. The objective is to provide a neutral mechanism capable of describing
product data throughout the life cycle of a product, independent from any particular system. The nature
of this description makes it suitable not only for neutral file exchange, but also abasis for implementing
and sharing product databases and archiving. The development of the I1SO 10303 standard is a
world-wide undertaking covering all engineering disciplines and all industrial branches. It started in
1984 and is the most comprehensive effort in itskind.

Current status and ongoing activities

The current Release 2.4 is the fifth release for Version 2 of the STEP-TAS Application Protocol.

In this release the reader will find arevised and extended Application Reference Model (ARM), which
defines the complete set of information requirements for thermal-radiative analysis for space. The
ARM has been updated to be fully harmonised with the [STEP-NRF] protocol: the STEP-TAS protocol
isnow a strict superset of the [STEP-NRF] protocol. Also the Application Interpreted Model (AIM) is
now fully developed to the requirements set by the ARM. This means that the current release is a full
implementable Application Protocol.
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The study and review team consisted of:

¢ Hans Peter de Koning, Fokker Space BV, Leiden, The Netherlands — Study manager and author of
all parts except Clause 5 and AnnexesA, B, G, H.
(phone: +31-71-5245829, fax: +31-71-5245845, e-mail: h.p.de.koning@fokkerspace.nl)

¢ Pau Planas Almazan, ESA/ESTEC/Y CV, Noordwijk, The Netherlands — ESA study manager and
reviewer.
(phone: +31-71-5654528, fax: +31-71-5656142, e-mail: pau@yc.estec.esa.nl)

¢ Jean-Luc Le Ga, CNES, Toulouse, France — CNES study manager and reviewer.

¢ Pascal Huau, Association GOSET, Nanterre (Paris), France — Reviewer and author of Clause 5 and
AnnexesA, B, G, H.

¢ Bruno Desaunettes, EPSILON Ingénierie, Labege (Toulouse), France — Reviewer.

* Eric Lebegue, ESPRI Concept, SophiaAntipolis, France — Reviewer.

¢ Peter Willems, TNO Building and Construction Research, Delft, The Netherlands — Reviewer.
e Christian Puillet, CNES, Toulouse, France — Reviewer.

¢ Hans deWolf, Fokker Space BV, Leiden, The Netherlands — Reviewer.

The document was prepared with the FrameM aker™4 document processor.

STEP-TAS-012-AP Release 2.4 (28 March 1997)



Document Status Sheet

document title

STEPAP - Thermal Analysisfor Space

document referenceid

STEP-TAS-012-AP

version, release, date

reason for change

v1, rl.0, 25-May-94

Created

vl, rl.1, 24-Jun-94

First version of AAM (Annex E) and ARM (Clause 4) defined.

vl, rl.2, 11-Jul-94

Second version of AAM (Annex E) and ARM (Clause 4).
Completed Clause 3 - “Definitions and Abbreviations’.

Processed comments recorded in STEP-TAS-011-MM, except addition of
AAM example.

vl, r1.3, 25-Jul-94

Updated AAM and ARM according to commentsin STEP-TAS-018-MM.
Preliminary scope of ARM to beimplemented in AIM indicated by V-AIM
markersin Clause 4.

vl, rl.4, 23-Sep-94

Updated Clauses 3, 4 and Annex F:

* Processing the commentsin review documents
STEP-TAS-AG-001-TN by GOSET and STEP-TAS-EPSI-002-TN by
EPSILON.

¢ Completing the AAM and ARM to provide a stable basis for AIM
Version 1 development. Mgjor updates of model structure, orbit and
attitude definition.

vl, rl.5, 2-Dec-94

Complete last update of the document before start of AIM development.
Comments from STEP-TAS-AG-002-TN and review meetings STEP-TAS-
026-MM and STEP-TAS-030-MM were processed.

v1, rl.6, 22-Dec-94

Editorial corrections and inclusion of first working draft of AIM (Clause 5
and Annex A). Corrections according to STEP-TAS-034-MM
implemented.

v1,rl.7, 11-May-95

TheAIM (Clause 5 and AnnexesA, B, G, H) —mapping table & EXPRESS
definition —was completed for al in-scope application objectsintheARM.
The ARM was updated to reflect the experience gained during AIM
development and to make ARM and AIM as much as possible consistent.

v2, r2.0, 29-Jan-96

First Phase 2 upgrade resolving the open item list STEP-TAS-058-TN
drawn up at the close of Phase 1.

v2,r2.1, 27-Jun-96

ARM (Clause 4 and Annex F) revised and completed and general updates
to Clauses 1, 2 and 3 in line with the remarks from the Release 2.0 Review
Meeting held 15-Feb-96, see STEP-TAS-060-MM. The AIM remains at
Release 1.7 status and is now out-of-date.

V2, r2.2, 29-Nov-96

Annexes were renumbered in line with the new [ STEP-AP-Guide] and the
[STEP-NRF-AP] protocol.

ARM (Clause 4 and Annex G) harmonized with the STEP-NRF protocol.

Furthermore all outstanding issues —mainly raised by P. Huau of GOSET

when doing the mapping of the STEP-NRF protocol —were resolved. The
STEP-TASARM is now apure extension of the STEP-NRF ARM.

The AIM still remains at Release 1.7 status and is still out-of-date.

v2, r2.3, 15-Feb-97

Update of clauses 2 and 4.2
Development of clause 5 and annexesA, B, C, K.

STEP-TAS-012-AP Release 2.4 (28 March 1997) i




STEP AP - Thermal Analysisfor Space

document title

STEPAP - Thermal Analysisfor Space

document reference id

STEP-TAS-012-AP

version, release, date

reason for change

v1,rl.0, 25-May-94

Created

vl, rl.1, 24-Jun-94

First version of AAM (Annex E) and ARM (Clause 4) defined.

vl rl1.2, 11-Jul-94

Second version of AAM (Annex E) and ARM (Clause 4).
Completed Clause 3 - “Definitions and Abbreviations'.

Processed comments recorded in STEP-TAS-011-MM, except addition of
AAM example.

vl, rl1.3, 25-Jul-94

Updated AAM and ARM according to commentsin STEP-TAS-018-MM.
Preliminary scope of ARM to be implemented in AIM indicated by v-AIM
markersin Clause 4.

vl,rl.4, 23-Sep-94

Updated Clauses 3, 4 and Annex F:

* Processing the commentsin review documents
STEP-TAS-AG-001-TN by GOSET and STEP-TAS-EPSI-002-TN by
EPSILON.

¢ Completing the AAM and ARM to provide a stable basis for AIM
Version 1 development. Major updates of model structure, orbit and
attitude definition.

vl, rl.5, 2-Dec-94

Complete last update of the document before start of AIM development.
Comments from STEP-TAS-AG-002-TN and review meetings STEP-TAS-
026-MM and STEP-TAS-030-MM were processed.

v1, rl.6, 22-Dec-94

Editorial corrections and inclusion of first working draft of AIM (Clause 5
and Annex A). Corrections according to STEP-TAS-034-MM
implemented.

vl, rl.7, 11-May-95

TheAIM (Clause 5 and AnnexesA, B, G, H) — mapping table & EXPRESS
definition —was completed for all in-scope application objectsin the ARM.
The ARM was updated to reflect the experience gained during AIM
development and to make ARM and AIM as much as possible consistent.

v2, r2.0, 29-Jan-96

First Phase 2 upgrade resolving the open item list STEP-TAS-058-TN
drawn up at the close of Phase 1.

v2, r2.1, 27-Jun-96

ARM (Clause 4 and Annex F) revised and completed and general updates
to Clauses 1, 2 and 3 in line with the remarks from the Release 2.0 Review
Meeting held 15-Feb-96, see STEP-TAS-060-MM. The AIM remains at
Release 1.7 status and is now out-of-date.

V2, 2.2, 29-Nov-96

Annexes were renumbered in line with the new [ STEP-AP-Guide] and the
[STEP-NRF-AP] protocol.

ARM (Clause 4 and Annex G) harmonized with the STEP-NRF protocol.

Furthermore all outstanding issues — mainly raised by P. Huau of GOSET

when doing the mapping of the STEP-NRF protocol —were resolved. The
STEP-TASARM is now a pure extension of the STEP-NRFARM.

The AIM still remains at Release 1.7 status and is still out-of-date.

v2, r2.3, 15-Feb-97

Update of clauses 2 and 4.2

Development of clause 5 and annexesA, B, C, K.

STEP-TAS-012-AP Release 2.4 (28 March 1997)



document title

STEPAP - Thermal Analysisfor Space

document reference id

STEP-TAS-012-AP

version, release, date

reason for change

V2, r2.4, 28-Mar-97

Updates of clause 4 on kinematic_model UoF.
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approved by
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document referenceid STEP-TAS-012-AP

document version/release Version 2 Release 2.4

page section reason for change

4-2 412 Removal of modelling_assumption and of modelling_assumption_
relationship.

4-3 4.1.3 Removal of tensor_mask, tensor_mask _member, tensor_mask_name

4-4 4.1.8 Removal of the UoF product_requirement.
Removal of clause 4.2.8.

4-5 4111 Move kinematic_articulation in UoF space_mission_aspect.

4-7 4.2 Addition of text to explain where the definitions of the NRF entities are

4-7 428 Removal of the clause associated with the product_requirements UOF

4-12 4.2.8.10 Addition of “of of_case” at the end of the 2nd assertion

4-16 4.2.8.15 Modification of the attribute radius to enable reference to a property
function_association

4-17 42.8.17 Modification of the attribute black_body surface temperature to enable

reference to a property_function_association.
Correction of the definition of the attribte notional_distance_ ...
4-18 4.2.8.18 Complement added in the definition.

Modification of the attribute albed reflection_factor to enable a
reference to a property_function_association.

Addition of an assertion about the range of the albedo_reflection_factor.

4-18 4.2.8.19 Complement added in the definition about the local coordinate system.
4-19 4.2.8.20 Correction in the definition about the axis of rotation.
Correction of the attribute rotation_axis (reference to an axis _
placement)
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4-19 4.28.21 Modification of the 2nd sentence of the definition.

Correction of the attribute rotation_axis (reference to an axis _
placement).

Improvement of the definition of the attribute number_of spin_
positions.

4-21 4.2.8.23 Removal of the attribute star_name and of the associated assertion.
Addition of the attribute star_centre referring to the centre of the
considered star.

4-21 4.2.8.25 Modification of the attribute angle to enable areference to a property
FUNCTION_association.

4-22 4.2.8.27 Modification of the attribute values to refer to a property_function_
association.

4-23 4.29.1 Coorection of the attribute length_unit and plance_angle unit.

4-23 4.29.3 Change the name of the attribute name to role.

4-24 4295 Change of the type of the attribute location.

4-25 429.7.1 Rewording of the definition of the attribute placement.

4-36 42991 Rewording of the definiton.

Correction of the definition of sense.

4-36 4.299.2 Move placement information from a note to the normative definition.

4-36 42993 Move placement information from a note to the normative definition.

4-36 42994 Creation of the object in order to correct the definition of second_
operand in boolean_difference_surface.

4-38 4.2.9.10.2 Rewording of the definition ogf placement in order to explicit its real
semantics.

4-38 4.29.10.2 Modification of the attribute second_operand.

4-40 4.2.10.7 Renaming of the object into implicit_revolute kinematic_pair_valuein
order to explicit its real semantics
(note: the renaming has been forgotten in the first line of the definition)

4-42 4.2.10.10 Addition of an assertion

4-42 42112 Simplification of the textual definition.

4-47 4.2.16.3 Removal of the attribute values.

Addition of the attribute property value referring to property_function
association or property_string_association or property _value
association.

Addition of an assertion about the attribute in_environment.

4-48 42172 Improvement of the specification of the attributes factor and offset.

4-48 4.2.17.3 Addition of the object to enable the association of avalue (here aindex
of function) to a property class scalar_functional.

4-48 42173 Addition of the object to enable the association of avalue (here aindex
of string) to aproperty_class scalar_descriptive.

4-48 42173 Addition of the object to enable the association of avalueto aproperty
class scalar_quantitative.

4-51 4.3 removal of the assertion about geometric_context (was wrong).
Addition of an assertion about material.
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51

Update of the paragraph 5.1 presenting the mapping syntax.
Addition of thelist of rules associated with the mappings.
Creation of the mapping tables in an annex text file.

Note:
during the mapping, we found the following problems:

* the measure with units of clause 4.2.17 are not consistent with the
definition of material_property and cannot be referred to. In
consequence, they were not mapped;

¢ theobject thermal_radiation spectrum refers to the object source
reference which does not exist.

(these issues come in addition of the issues raised before January 22 on
clause 4.2)

52

Creation of the AIM short form.
Creation of the AIM long form (annex A)
Creation of the list of short names (annex B).

Update of annex C.

viii
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Foreword

This document defines a STEP based application protocol for the exchange of product model data in
the field of Thermal Analysis for Space applications, abbreviated to the acronym STEP-TAS.

The following annexes are normative: A, B, C, D.

The following annexes are informative: E, F, G, H, J, K, M. |
This Application Protocol follows the guidelines and recommendations of [AP-Guide] “ Guidelines for
the Development and Approval of STEP Application Protocols’.

Concerning the current release

Thisis version 2, release 2.4 of the protocol. This is the final release of version 2 of the protocol, in
which the ARM has been harmonized with the ARM of [STEP-NRF-AP] and a full mapping into the
AlIM is completed.

In this version of the protocol the main emphasis remains on the exchange of the data needed in the
thermal -radiative analysis activity.
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| I ntroduction

0.1

011

0.1.2

0.1.3

Brief introduction on the STEP standard

STEP is the casua name for the 1SO 10303 standard and stands for Standard for the Exchange of
Product model data.Work on the standard started in 1984 and is still in progress with participants from
all over the world. This introduction is compiled using elements from [STEP-1], [Kuiper-94] and
[Fowler-95].

The objectives of STEP

STEP part 1 says: “1SO 10303 is a series of International Standards for the computer-interpretable
representation and exchange of product data. The objective is to provide a neutral mechanism capable
of describing product data throughout the life cycle of a product, independent from any particular
system. The nature of this description makes it suitable not only for neutral file exchange, but also a
basis for implementing and sharing product databases and archiving.” [STEP-1].

In other words the STEP methodology has been developed to meet industry requirements for standard
data specifications that support:

¢ |ong term storage and retention of product information;

* reduction and elimination of “islands of automation”;

* independence of data from the software tools which create or consume information;

e communication of product information between departments, disciplines, and enterprises.

In addition, the fact that STEP is a standard introduces additional requirements, in that the specification
developed to fulfil these requirements should be stable, extensible, and publicly available.

Principles

The STEP methodology is based on asmall number of fundamental principles:

* STEP defines an architecture for product data, providing stability and extensibility;
e STEP supports and requires traceability of datato industry needs;

* Therole of STEPisthe standardisation of industry application semantics;

¢ STEP defines the requirements for implementation of product data exchange, based on a separation
of data specifications (the logical definition) from implementation forms (the physical realisation);

¢ STEP defines the requirements for the assessment of conformance of implementations.

The STEP architecture

The architecture of STEP results from the principles stated above. The complete architecture of STEP
is described in the 1SO 10303 Architecture and Reference Manual, which is currently being prepared
for publication. Below the main elements of the architecture will be highlighted.

L ayered approach with functional series of standard documents

The STEP standard takes a layered approach to product data modelling. The different layers are called
series and these contain parts which are related by the function they perform. The series are given in
Table 1.

Each series adds specific aspects to the product data model description. The higher numbered layers
build further on concepts defined in the lower numbered layers. The EXPRESS language is used to
formally define the data models (schemas in STEP parlance) of the parts in layers 4, 5, 6 and 7.
Application protocols are directed for use by a specific user community, engineering discipline or
branch of industry. The standard also includes a formal methodology for conformance testing of
STEP-based products that claim to implement one of the application protocols.

XXii
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Table1l- Theseriesof STEP standard documents

part

numbers | seriestitle example documents

10 series | Description Methods SO 10303 Part 11
The EXPRESS Language Reference Manual

20 series | Implementation Methods SO 10303 Part 21
Clear Text Encoding of the Exchange Structure
SO 10303 Part22
Standard Data Access Interface

30 series | Conformance Testing SO 10303 Part 31

Methodology and Framework General Concepts

40 series | Integrated Generic Resources SO 10303 Part 41
Fundamentals of Product Description and
Support
SO 10303 Part 42

Geometric and Topological Representation

100 series | Integrated Application Resources | SO 10303 Part 105

Kinematics

500 series | Application Interpreted Constructs | SO 10303 Part 509

Manifold Surface Shape Representation

200 series | Application Protocols SO 10303 AP 203
Configuration Controlled Design

300 series | Abstract Test Suites SO 10303 Part 303

Abstract Test Suite — Configuration Controlled
Design

(for AP 203)

Key elements of the STEP architecture

Figure 0-1 provides a high level summary of the key elements of the STEP architecture. The arrowsin
Figure 0-1 specify the existence dependence between the elements, i.e. an element at an arrow’s tail is
dependent on an element at its head.

After the figure a short description of each of the key elementsis given.
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Application Protocols — 200 series

Industry
Application
Semantics

Application
Activity
Model

common building blocks

40 and 100 series

Application
Reference
Model

Integrated
Resources

Application
Interpreted
Model

Application
Interpreted
Constructs

. 500 series
Abstract Conformance | 00T
Test Suite Class A
Note: /'
B
300 series The arrow denotes:
(one for each B’s existence depends on A’s existence

Application Protocol)

Figure 0-1 - Key elements of the STEP architecture—the grey areas denote therelation between
these elements and the STEP documentation structure

Industry Application Semantics

Figure 0-1 shows that the key element upon which al other elements of the STEP architecture depend
is industry application semantics. It identifies the processes and data that are essential to an industrial
application domain — in other words the industrial needs and semantics that are particular to data
exchange in some industry application domain. It must be possible to trace back the concepts and
definitions used in the other architectura elements to the needs and semantics in the Industry
Application Semantics.

Application Activity M odel

Industry application semantics are defined more formally by reference to an Application Activity
Model (AAM). This model is created with the IDEFO activity modelling technique and supports the
analysis of the activities and information flows within the industry application. The AAM provides a
context model for the application domain and the activities and information flows that are “in scope” or
“out of scope” are explicitly declared. The “in scope” information flows can then be elaborated in
further detailed STEP analysis and specification models — in particular the Application Reference
Model (ARM). It should be noted that the role of the AAM isto capture the activities within an industry
application (“what is done”), not the detailed processes (“how it is done”). The latter are likely to vary
between organisations, or with time as the result of continuous improvement or business process
re-engineering.

Application Reference M odel

The second element of the STEP architecture that results from detailed analysis of the product data
exchange requirements in the industrial application domain, is the Application Reference Model
(ARM). This is a detailed specification of the data objects (entities and attributes) and their
relationships, that completely define the “in scope”’ information flows, which were identified in the
AAM. This specification is prepared through analysis of requirements identified by experts in the

XXiV
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industry application — sometimes referred to as “domain experts’. These requirements are therefore
described using the terminology of the application domain. They form the basis for further
development aswell as for review and validation, e.g. by peer experts.

Application Interpreted M odel

The data exchange requirements laid down in the ARM are trandated — by a“ STEP expert” —into a
normative STEP data specification in the Application Interpreted Model, as much as possible through
selection and constraint of the common building blocks: the Integrated Resources and the Application
Interpreted Constructs. This re-use of standard data constructs across a wide range of industry
requirements results in a high degree of consistency and integration across models, and enables
potentia re-use of the software code used in interfaces and the potential sharing of common data across
application domains. The AIM is defined using the EXPRESS language, which is computer
interpretable and therefore enables file-based exchange according to the STEP Part 21 physical file
format and/or data access using the STEP Part 22 SDAI.

Integrated Resour ces

The Integrated Resources are specified in context independent models and form standard data
constructs that are used in the creation of an AIM. They are data models that reflect and support the
common requirements of many different product data application areas. Together the Integrated
Resources constitute a single, logical, conceptual product data model. They are, however, not
themselves intended for direct implementation: they define re-usable building blocks that are intended
to be combined and refined to meet specific requirements stated in an ARM. Integrated Resources are
specified in EXPRESS.

Application Interpreted Constructs

The Application Interpreted Constructs are a relatively late addition to the STEP architecture. They
capture the fulfilment of a collection of requirements that are common to two or more ARMs, i.e.
shared by two or more industry application domains. Application Interpreted Constructs are aso
specified in EXPRESS and explicitly identify the potential for shared data or so-called interoperability
between two or more Application Protocols/ industry application domains.

The difference between Integrated Resources and Application Interpreted Constructs can explained as
follows:

¢ |ntegrated Resourceswere devel oped — and are still being devel oped and refined — on the basis of an
a priori conception by product data modelling experts of what common product data modelling
resources would be needed across awide range of application domains. As stated before Integrated
Resources are not intended for direct implementation in an AIM, but often need to be combined and
refined first.

e Application Interpreted Constructs are the common collections of requirements in the ARM and
their corresponding implementation in the AIM that are “discovered” during the development of
various Application Protocols. Application Interpreted Constructs are a ready-for-implementation
kind of “plug-in” modules that can be included in an AIM.

Conformance Classes

An Application Interpreted Model gives the normative specification for data to be exchanged between
computer applications. This provides the scope and boundaries for implementations of product data
exchange that conform to STEP, and also the cope and boundaries for testing implementations. In order
to meet the needs of differing computer systems used within a given industrial application, whilst
maintaining consistency of implementation and testing, two or more Conformance Classes may be
specified for an AIM. A Conformance Class defines a subset of the AIM that may be used as the basis
for implementation and testing. These subsets define the minimum conforming implementation based
on the AIM; implementations based on any other subsets are not considered to be conforming.

Abstract Test Suites

The importance of testing and testability within STEP is reflected by a standardised framework and
methodology for conformance testing. The Abstract Test Suite is the manifestation of the needs of
testing within the STEP architecture. An Abstract Test Suite specifies, in non-specific or parameterised
form, the test cases that will be used in assessing the conformance of an implementation to the data
specification contained in an AIM and thee other elements of the STEP architecture upon which an

STEP-TAS-012-AP Release 2.4 (28 March 1997) XXV



STEP AP - Thermal Analysisfor Space

014

AIM depends. Experience in other domains, such as the OS| standard for Open Systems, has shown
that standardisation of Abstract Test Suitesis an essential prerequisite to repeatability and consistency
of testing, and therefore of mutual recognition of test results across regional or national bodies.

The basis of the STEP product data model

The consistency of data specifications within STEP for a wide range of industry applications —
Application Protocols — is ensured by the reuse of common Integrated Resources. The Integrated
Resources themselves are based in a formalised framework for product data, sometimes referred to as
the Generic Product Data Model. The framework defines the basis of al data specification that are
standardised within STEP.

Elements of data specifications (or “constructs’) are taken to be the representation of facts about
objectsin the real world. The Generic Product Data Model framework is based on a classification of the
types of data that describe products. The classification identifies five major types of data:

* The application context — data that defines the purpose for which product information is created,
and the types of product, disciplines, and life-cycle stages for which such information is valid. The
use of an application context allows e.g. data that represents an “as designed” product to be
distinguished from that for an “as built” configuration, etc.

* The definition of a product — data that identifies products, including variants, categories and/or
life-cycle “views’ of products. Product definition data also includes that which relates to the
structure of products, in terms of assembly structures, configurations, effectivities, bill of material,
etc.

* The definition of product properties — data that characterises products by their properties,
independent of the representation of such properties. For example, it is possible to identify the
shape of an object, or aspects of the shape, as a property of the object, without providing a detailed
description of the shape using a CAD model or an engineering drawing. Examples of product
properties are: shape, surface finish, constituting material.

* Therepresentation of product properties — data that represents the properties of a product, including
multiple representations of the same property. For example, the shape of an object may be
identified, and then represented in many different ways: a 3D CAD CSG model, a physical
mock-up, an engineering drawing, a technical illustration and a mathematical model are different
representations of the same shape.

* The presentation of the representation of product properties — data that defines the presentation of
product information to support human communication. For example, the shape of an object (which
is a product property) is represented by coordinate values, curves, surfaces, etc.; then this
representation is presented by assigning colours, line fonts and a viewpoint, and displaying the
resulting picture on aworkstation.

This classification of product dataisthe basisfor all STEP data specifications. It is the framework upon

which al the Integrated Resources are built, and is reflected in the Application Interpreted Models

(AIMs) of all Application Protocols. The models that capture this framework embody the principle of

existence dependence, which ensures that all product information is related to an identified product and

ultimately to an application context. This classification structure is summarised graphically in

Figure 0-2.
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0.1 Brief introduction on the STEP standard

STEP product data description layer Example data “instances”
Application Context, e.g.:
application_context “Thermal Analysis for Space”
product_context “Thermal control engineering”
product_definition_context “As designed”
A
T is valid for
Product Definition, e.g.:
product “Spacecraft propulsion tank”
product_definition “physical design”
product_definition_formation “type X2a”

F N

T is property of

Product Property Definition, e.g.:
product_definition_shape “outer wall”
shape_aspect “top semi-sphere”
structural_response_property

A

T represents

Product Property Representation, e.g.:

shape_representation tank coordinate system
solid_model “outer wall assembly” BRep
“top semi-sphere”
A
T presents
Product Property Presentation, e.g.:
curve_style_font drawing
fill_area_style ray-traced rendering
camera_model_with_light_sources (on display, as hardcopy, ...)

Figure 0-2 - Product data type classification and existence dependencein STEP data models

This principle can lead to models that are at first sight counter-intuitive: rather than stating that a
product has a shape, a shapeis“of” aproduct. However, simple analysis of this example shows that the
existence dependent form of the model requiresthat a shape is aways the shape of a product. Similarly,
at a lower level in the structure, STEP does not allow the existence of “geometry” data just as
collections of points, lines, curves, etc. Through the existence dependent structures in the STEP
models, such a collection of geometry data must be the representation of some property, that is related
to the definition of a product, that has validity in some application context. Thus the basic structure of
the STEP models satisfies and enforces the principle identified above: that all product data should be
traceable to an industrial need.
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0.15

0.1.6

0.2

Realisation of a STEP solution for product data exchange

One of the main features of the STEP standard is the division between logical and physical
representation of model data.This helps in achieving a clean development process which is best
illustrated by the following diagram.

logical <& B physical

interpretation
with integrated
~» resources

what
context for whatis

activities? exchanged data stores

analysis of the STEP-21
problem domain physical file

normative

data/object
model

working

develop

rocess lop
P data applications

(EXPRESS)
(EXPRESS-G)

testing
c
[%2)
(¢

SDAI

data exchange problem

AAM ARM AIM

Figure 0-3 - lllustration of the development steps needed to reach a working STEP product data
exchange solution and different elements of the STEP standar disation methodology
(adapted from a diagram by P. Kuiper —TNO)

Actual data exchange takes place through the physical implementation in either a [STEP-21] physical
file, a so-called working form or shared database. The physical implementation is derived in a
standardised way from the logical definition in an Application Interpreted Model (AIM) of a certain
Application Protocol and can possibly be accessed through an SDAI [STEP-22] compliant
programming interface, for which a significant part could have been computer-generated from the AIM
EXPRESS schema by a suitable STEP toolkit.

Status of the STEP standard and itsimplementations

The STEP standard is becoming mature and the First Release (Parts 1, 11, 21, 31, 41, 42, 43, 44, 46,
101, 201, 203) has been issued per September 1994 as International Standard (1S). Commercial
development tools are available on the market and most major CAx software vendors are now offering
STEP-based import/export facilities or have announced to support the STEP standard.

The Industrial Need for STEP -based Data Exchange
for Thermal Analysisfor Space

The thermal control engineering of spacecraft and other space-related equipment requires extensive
computer-supported analyses and tests, at different levels of detail. In typical space projects severa
companies and/or institutions work together. They are often located at different sites, which may be
geographically far apart and they often use different computer platforms. Efficient and reliable
electronic exchange of model and results data is therefore highly needed.

Currently, the exchange of such data is done via a great number of dedicated — mostly tool-specific —
data formats and the use of many point-to-point converter tools. These tools convert datain one format
as well as they can into data in another format. The proliferation of data formats and corresponding
converter tools place a great burden on software development and maintenance resources. The
converter tools need to be regularly updated as data formats change or get extended at either side of an
interface. There is often a loss of information in the conversion process, because finding and
implementing the best mapping of concepts between two tool-specific data formatsis a non-trivial task
and normally a converter devel oper controls only one of the two data format interfaces.

XXViii
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0.2 The Industrial Need for STEP -based Data Exchange for Thermal Analysisfor Space

Catia
PATRAN
THERMICA

ESATAN
NASTRAN \
ESABASE
? Euclid

/ ESARAD
ESATAN

Unigraphics
TRASYS
SINDA
I-DEAS

Figure 04 - lllustration of the problem of model and data exchange

in thermal engineering for space (with an arbitrary selection of tools)
Apart from direct data exchange between e.g. amain contractor and a client or a sub-contractor and its
main contractor, there is also a need for a stable neutral format for long term electronic archiving and a
growing need to support concurrent engineering: i.e. exchanging models and results with other
engineering disciplines during the design and development process, e.g. for thermo-elastic analysis. In
the long term, ideally concurrent engineering would be supported by having shared databases which
are simultaneously accessible to all engineers of different disciplinesin a project team.
The current STEP-TAS Application Protocol attempts to lay the foundation to address these needs.
An important additional possibility of this STEP based protocol is that it is defined in such a generic
way that it could be extended in the future to cover not only space thermal analysis, but also the related
field of space environmental analysis disciplines.
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Clause 1 - Scope

Clause 1 - Scope

The scope of the STEP-TAS Application Protocol comprises the data exchanged in the following
activitiesin the domain of thermal control engineering for space applications:
1) Define & Formulate Thermal Control Design, which is subdivided into:
a) Formulate Thermal Control Design
Input data; physical properties of standard parts and materials, product structure, CAD
definition, analysis & test results
Output data; product description
b) Define Thermal Control Analysis & Test Cases
Input data: product description, analysis & test models
Output data: analysis and test cases
c) Construct Thermal Control Analysis & Test Models
Input data: product description, analysis & test cases, product structure, CAD definition
Output data: analysis and test models
2) Analyse & Test Thermal Control Design, which is subdivided into:
a) Do Thermal-Radiative Analysis
Input data: analysis cases, analysis models
Output data: analysis results — e.g. radiative exchange factors, environmental fluxes
b) Do Thermal Network Analysis
Input data: analysis cases, analysis models, analysis results from thermal -radiative analysis
Output data: analysis results —e.g. temperature fields, heat balances
¢) Correlate Analysis and Test Results
Input data; analysis results (predictions), test results (measured)
Output data: analysis results (correlations)
A complete definition of the activities and data flows relevant to thermal control engineering for space
isgivenin:
* Annex F - “Application Activity Model (Informative)” on page F-1.
The requirements for the data to be exchanged are defined in detail in;
* Clause 4 - “Information Reguirements’ on page 4-1 and
* Annex G - “Application Reference Moddl (Informative)” on page G-1.
The actual definition of the data that can be exchanged with this Application Protocol can be found in:
¢ Clause5 - “Application Interpreted Model” on page 5-1 and
* AnnexA - “AlM EXPRESS expanded listing (normative)” on page A-1.
Note for Version 2

Activities 1a, 1b, 1c and 2a are currently in scope — the main focus is on thermal -radiative modelling;
activities 2b and 2c are now covered by the [STEP-NRF-AP].
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Clause 2 - Normative References

Clause 2 - Normative References

The following documents, ISO standards or working drafts contain provisions which, through
reference in thistext, constitute provisions of thisApplication Protocol. At the time of development, the
editions indicated between parenthesis were valid.

[STEP-1]

[STEP-11]

[STEP-21]

[STEP-31]

[STEP-41]

[STEP-42]

[STEP-43]

[STEP-44]

[STEP-45]

[STEP-46]

[STEP-105]

[STEP-509]

[STEP-511]

[PLIB-20]

[PLIB-42]

SO 10303-1:1994 (1S)
Overview and fundamental principles

SO 10303-11:1994 (1S)
Description methods. The EXPRESS language reference manual

SO 10303-21:1994 (1S)
Implementation methods: Clear text encoding of the exchange structure
Note: Also known as the “ STEP Physical File” format.

SO 10303-31:1994 (1S)
Conformance testing methodology and framework

SO 10303-41:1994 (1S)
Integrated generic resources. Fundamentals of product description and support

SO 10303-42:1994 (1S)
Integrated generic resources: Geometric and topological representation

SO 10303-43:1994 (1)
Integrated generic resources. Representation structures

SO -10303-44:1994 (1S)
Integrated generic resources: Product structure configuration

| SO TC184/SCA/WG3 N354 (FDIS)
Integrated generic resources; Materials

SO 10303-46:1994 (1S)
Integrated generic resources. Visual presentation

ISO/DIS 10303-105 (1S)
Integrated application resources: Kinematics

ISO 10303-509 (CD)
Application interpreted constructs: Manifold surface

ISO 10303-511 (CD)
Application interpreted constructs: Topology bounded surface

SO 13584-20 (DIS)
Parts library: General resources

SO 13584-42 (DIS)
Parts library: Methodology for structuring part families

Note: the edition (release status) of the documents is given between parentheses, using the following

abbreviations;
WD

CD

CDB

CDBE

CDC

CDCE

Working Draft

Committee Draft

Committee Draft, in Ballot
Committee Draft, Ballot Ended
Committee Draft, for Comment
Committee Draft, Comments Ended
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DIS Draft International Standard
IS International Standard
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Clause 3 - Definitions and Abbreviations

Clause 3 - Definitions and Abbreviations

31
3.1.1

312
313

314

315

316

317

318

319

3.1.10

3111

3.1.12
3.1.13

3.1.14

3.1.15
3.1.16

3.1.17
3.1.18

3.1.19

3.1.20
3121

Terms Defined in 1SO 10303-1

abstract test suite — a part of this International Standard that contains the set of abstract test cases
necessary for conformance testing of an implementation of an application protocol.

application —agroup of one or more processes creating or using product data.

application activity model (AAM) —a model that describes an application in terms of its processes
and information flows.

application context — the environment in which the integrated resources are interpreted to support the
use of product data in a specific application.

application interpreted model (AIM) — an information model that uses the integrated resources
necessary to satisfy the information requirements and constraints of an application reference model,
within an application protocol.

application object — an atomic element of an application reference model that defines a unique
concept and contains attributes specifying the data elements of the object.

application protocol — a-part-of-thistaternational-Standard a document complying with [ AP-Guide]
that specifies an application interpreted model satisfying the scope and information requirements
for a specific application.

application reference model (ARM) — an information model that describes the information
requirements and constraints of a specific application.

application resource — an integrated resource whose contents are related to a group of application
contexts.

assembly — a product that is decomposable into a set of components or other assemblies from the
perspective of a specific application.

component — a product that is not subject to decomposition from the perspective of a specific
application.

conformance class — a subset of an application protocol for which conformance may be claimed.

conformance requirement — a precise, text definition of a characteristic required to be present in a
conforming implementation.

data — a representation of information in a formal manner suitable for communication, interpretation,
or processing by human beings or computers.

data exchange — the storing, accessing, transferring, and archiving of data.

data specification language — a set of rules for defining data and their relationships suitable for
communication, interpretation, or processing by computers.

exchange structure — a computer-interpretable format used for storing, accessing, transferring, and
archiving data.

generic resour ce — an integrated resource whose contents are context-independent.

implementation method — a part of this International Standard that specifies a technique used by
computer systems to exchange product data that is described using the EXPRESS data specification
language [STEP-11].

infor mation — facts, concepts, or instructions.

information model — a formal model of a bounded set of facts, concepts or instructions to meet a
specified requirement.
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3.1.22 integrated resource — a part of this International Standard (i.e. 1SO 10303) that defines a group of
resource constructs used as the basis for product data.

3.1.23 interpretation — the process of adapting a resource contruct from the integrated resources to satisfy a
requirement of an application protocol. This may involve the addition of restrictions on attributes,
the addition of constraints, the addition of relationships among resource constructs and application
constructs, or al of the above.

3.1.24 PI CS proforma — a standardised document in the form of a questionnaire, which, when completed for
aparticular implementation, becomes the protocol implementation conformance statement.

3.1.25 presentation — a recognizable visua representation of product data.

3.1.26 product —athing or substance produced by a natural or artificial process.

3.1.27 product data — a representation of information about a product in a forma manner suitable for
communication, interpretation, or processing by human beings or by computers.

3.1.28 product information — facts, concepts, or instructions about a product.

3.1.29 product information model — an information model which provides an abstract description of facts,
concepts and instructions about a product.

3.1.30 protocol implementation conformance statement (PICS) — a statement of which capabilities and
options are supported within an implementation of a given standard. This statement is produced by
completing a PICS proforma.

3131 resource construct — a collection of EXPRESS language entities, types, functions, rules and
references that together define a valid description of an aspect of product data.

Refer to 1SO 10303 part 11 for the reference manual of the EXPRESS language.

3.1.32 structure—aset of interrelated parts of any complex thing, and the rel ationships between them.

3.1.33 unit of functionality — a collection of application objects and their relationships that defines one of
more concepts within the application context such that removal of any component would render the
concept incomplete or ambiguous.

3.2 Terms Defined in SO 10303-31

321 postprocessor —asoftware unit that trandates product information from an independent public domain
product data format to the internal format of a particular computer system.

322 preprocessor — a software unit that trandates product information from the internal format of a
particular computer system to an independent public domain product data format.

3.3 Terms Defined in 1SO 10303-42

331 geometric coordinate system — the underlying globa rectangular Cartesian coordinate system to
which all geometry refers.

332 surface — a set of mathematical points which is the image of a continuous function defined over a
connected subset of the plane (R?). This image shall not be a single point or in part, or entirely, a
curve.

34 Terms Defined in | SO 10303-45

341 material —the substance or substances of which product is composed or made.

34.2 material property —a product characteristic which depends upon the material or materials comprising
the product.

343 material designation — an identifier which is assigned by agreement.
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35

351
352

353
354
355

356

3.5.7

358
3.6

361

3.6.2
3.6.3
364
3.6.5

3.6.6

3.6.7
3.6.8

369

3.6.10

36.11
3.6.12

Terms Defined in 1 SO 10303-105

NOTE 1 — For the definitions of terms “base”, “ground”, “link”, “joint” and “pair” the adjective
“kinematic” has been added.

frame — a coordinate system used in kinematic representations.

kinematic base — a kinematic link which is fixed to the kinematic ground or whose mation is
prescribed along a defined path.

kinematic chain —a sequence of kinematic links connected by kinematic joints.
kinematic ground —the immobile part of a mechanical product in the werld basic coordinate system

kinematic joint — the topological aspect of an ordered connection or mation restriction between two
and only two kinematic links.

kinematic link — a rigid kinematic object whose motion is constrained by one or more kinematic
joints.
NOTE 2 — In STEP-TAS kinematic link is a synonym for rigid body.

kinematic pair — the geometric aspect of either an ordered connection or motion restriction between
two and only two kinematic links.

placement — the location and orientation of aframe.

Terms Defined in thisAP

NOTE 3 — These definitions are partly based on [ICETAS-URD], [ATS-URD-v2], [ESARAD-RM],
[THERMICA], [ESATAN-RM], [ESABASE-RM], [ESABASE-THM], [Larson & Wertz].

altitude — distance from the surface of a celestial body to the origin of the coordinate system of the
main body of a space product in an orbit around a celestial body.

apoapsis— orbit position farthest from the gravitational body that governs the orbit.
attitude — orientation of arigid body that is (part of) a space product.
celestial body —a natural body in space, e.g. a star, a planet, amoon, a comet, an asteroid.

enclosure — set of thermal-radiative faces which can exchange therma radiation. The enclosure
concept is used to increase the efficiency of thermal radiation computations by subdividing the
thermal-radiative model into sets of thermal-radiative faces which form enclosed spaces.
Thermal-radiative faces in such an enclosure can only exchange thermal radiation with each other
and not with thermal -radiative faces outside the enclosure.

exchange dataset— coherent and valid set of instances of entities conforming to the AIM schema
defined in this AP. The dataset is instantiated in the form of a [STEP-21] physical file, a working
form or a shared database. An exchange dataset can be accessed through an SDAI programming
interface, as defined in [STEP-22].

gauge —ameans or device for measurement.

mission — the collection of primary and derived goals to be fulfilled by a space product. Aspects of a
mission comprise its orbit trgjectories, attitudes, space environments, operational modes and
sequence of events. A mission may be subdivided into mission phases.

model — arepresentation in software or hardware of one or more properties of a (possibly conceptual)
product and its (intended) operating environment for the purpose of design, analysis or verification.
By its nature amodel is an idealised representation of a product.

multiplereflection — thermal radiation travelling from one thermal-radiative face to another
thermal-radiative face via at |east one intermediate reflection.

orbit —trgjectory in space, governed by gravitational forces and/or propulsion.

orbit arc — part of an orbit.
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3.6.13
3.6.14

3.6.15

3.6.16

3.6.17

3.6.18

3.6.19

3.6.20

36.21

3.6.22

3.6.23

3.6.24

3.6.25

3.6.26

3.6.27

periapsis— orbit position nearest to the celestial body that governs the orbit.

radiative coupling — the radiative coupling between two thermal-radiative facesi and j is the product
of the surface area of face i and the radiative exchange factor from i to j and the emissivity of facei,
or — aternatively — the product of the surface area of face j and the radiative exchange factor from j
toi and the emissivity of face].

radiative exchange factor — the radiative exchange factor between two thermal-radiative facesi and j
isthe fraction of the thermal radiation emitted by i that isfinally — possibly after multiple reflections
—absorbed by j.

rigid body — arigid kinematic object, i.e. a collection of parts of a product which can not move one
relative to another. The collection of parts is considered to be rigid at least for the purpose of
thermal analysis. As a consequence movement is only possible at interfaces between rigid bodies.
The boundaries of arigid body coincide with the boundaries of a complete submodel.

root-model — The highest level model in a hierarchica model/submodel tree. The root-model
comprises directly or indirectly all submodels.

run — an elementary analysis, test or operation step with a clearly defined start and end, performed in
the framework of an analysis study, atest or an operation. In arun an analysis model, atest article
or an operating product is analysed, tested or operated for a particular purpose and in a particular
environment, using a particular analysis tool, a test facility or (when applicable) an operationa
facility. A run produces analysis, test or operation results.

submodel —a next lower level model in a hierarchical model/submodel tree. A submodel may contain
other (yet lower level) submodels. The model/submodel tree forms an acyclic graph.

submode occurrence — areference to amodel at alevel lower than root-model level in a hierarchical
model/submodel tree. The submodel occurrence has some attributes in addition to the model it
references: e.g. its usage name and — for geometric models — its location and orientation with
respect to its supermodel.

supermodel —anext higher level model in a hierarchical model/submodel tree. A supermodel contains
one or more submodels. The model/submodel tree forms an acyclic graph.

thermal lumped parameter model — thermal mathematical model using the lumped parameter nodal
approach, where the physical properties of the lumped parameter nodes are considered to be
uniform —i.e. anodeisiso-thermal and has uniform thermo-optical and thermo-physical properties.
The model comprises anodal breakdown and a network of links between the nodes. Such a model
is aso sometimes called a Therma Network Model, because of the analogy with electrical
networks. The purpose of the model is to represent a product for the purpose of thermal analysis
computations, in particular of temperatures, heat flows and power.

thermal node — lumped parameter node, which is the discretisation atom in a therma lumped
parameter model.

thermal-radiativeface — part of a bounded (i.e. finite) surface, with orientation, used as a
discretisation atom in a thermal -radiative model. These faces possess thermo-optical properties and
represent boundary surfaces at which thermal radiative heat transfer can take place.

thermal-radiative face set — set of thermal-radiative faces which are associated with one side of one
bounded surface and share identical thermo-optical properties.

thermal-radiative model — geometrical surface model representing a product for the purpose of
therma radiation analysis, in particular for computation of radiative exchange factors and
environmental thermal fluxes. The surfaces in the model are associated with thermal-radiative face
Sets.

viewfactor — also called geometric viewfactor — fraction which gives a measure for the direct view
from one face to another face. The viewfactor from face i to face | is defined as the quotient of the
solid angle representing the direct view from i to j over the solid angle of total possible view from
facei. For aflat face the total possible view isasolid angle of 2TT sterradians, i.e. a hemisphere.
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3.7 Abbreviations
AAM Application Activity Model
AIM Application Interpreted Model
AP Application Protocol
ARM Application Reference Model
B-rep Boundary Representation Solid Model
DBMS Data Base Management System
CNES Centre National d’ Etudes Spatiales — French Space Agency
CSG Constructive Solid Geometry
ESA European Space Agency
ESATAN ESA’'s Thermal Network Solver
ESARAD ESA’s thermal radiative computation software
ESTEC ESA - European Space Technology Centre
FDIR Failure Detection, Isolation and Recovery
FLUOR CNES Flux en Orbit thermal radiation computation software
FMECA Failure Mode Effects and Criticality Analysis
GEO Geostationary Earth Orbit
ICETAS Integrated Communication Environment for Thermal Analysis Software
ISO International Organization for Standardization
LEO Low Earth Orbit
NMBR Network Model Bulk Results (protocol, developed in the Network Results Format
project)
00 Object Oriented
RAMS Reliability, Accessibility, Maintainability and Safety
SDAI Standard Data Access Interface (defined in [STEP-22])
SET Sandard d’ Echange et de Transfert (French Standard AFNOR Z68-300)
SET-ATS SET Protocol d’ Application Thermique Spatiale
Sl Systéme International des Unités - International System of Units
STEP Standard for the Exchange of Product Model Data (1SO 10303)
STEP-TAS STEP-based Thermal Analysis for Space
TBD To be defined
URD User Requirements Document
UoF Unit of Functionality
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Clause 4 - I nformation Requirements

This clause specifies in detail what kind of data needs to be exchanged in the domain of thermal
analysis for space. The information regquirements are grouped in three subclauses: Units of
Functionality, Application Objects and Application Assertions.

A graphical representation of the information requirements is given in Annex G “Application
Reference Model (Informative)” on page G-1.

The information requirements correspond to the data streams which are identified as being in scope for
this Application Protocol in Annex F “Application Activity Model (Informative)” on page F-1.

4.1 Units of Functionality

This subclause specifies the units of functionality for the STEP AP - Thermal Analysis for Space.
The first seven UoFs are identical to those of the [STEP-NRF-AP]:

1) product_structure UoF

2) network_model_representation UoF
3) bulk_results UoF

4) parameterized functions UoF

5) physical_quantities and_units UoF
6) date and_time UoF

7) general_support UoF

The UoFsfollowing hereafter are particular to the STEP-TAS protocol:
8) product_requirements UoF

9) space mission_aspects UoF

10)geometric_model UoF

11)kinematic_model UoF

12)thermal_radiative_model UoF
13)thermal_lumped_parameter_model UoF
14)thermal_finite_element_model UoF

15)visual_representation UoF

16)material_properties UoF

17)additional_physical_quantities and_measures UoF

Hereafter each of the Units of Functionality is described in more detail.

4.1.1 product_structure UoF

The product_structure UoF captures the structure of the product being modelled — e.g. the product
assembly tree or afunctional decomposition tree. The definition of this UoF already follows closely the
product structure definition in [STEP-41] and [STEP-44].

NOTE 4 — This Unit of Functionality is defined following as closely as possible the concepts for
product and product structure definition in [STEP-41] and [STEP-44].

The following application objects are used by the product_structure UoF:
¢ product

¢ product_context

* product_definition

¢ product_definition_context

¢ product_next_assembly usage relationship

¢ product_version

STEP-TAS-012-AP Release 2.4 (28 March 1997) 4-1



STEP AP - Thermal Analysisfor Space Clause 4 - Information Requirements

4.1.2 network_model_representation UoF
The network_model_representation UoF collects the definitions needed for a generic representation
of engineering objects as a hierarchical structure of models containing a network of discrete nodes and
relationships between these nodes.
The following application objects are used by the network_model_representation UoF:
* modd_represents product_relationship
* network_model
* network_model_component
* network_model_constituent
* network_node
* network_node class
* network _node relationship
* network_node relationship_class
* network_node relationship_usage
* network_node usage
* submodel_usage
4.1.3 bulk _results UoF
The bulk_results UoF collects the application objects needed for the identification and definition of
analysis, test or operation campaigns, cases, phases and runs and the results data they produce. The
results data are characteristic, predicted, assigned, observed and/or derived properties of network
models, of which the values may need to be represented as scalars, vectors or higher order tensors.
The following application objects are used by the bulk_results UoF:
¢ abscissa_sequencing_type
* ato_aspect
e ato_campaign
* ato_case
* ato phase
e lifetime_type
¢ list_of descriptive values
* list_of functions
* model_component_sequence
* property class
* property class scalar
e property class scalar_descriptive
e property class scalar_functional
* property class scalar_quantitative
* property class tensor
* property class usage
* property_name
* property role
* property_symmetry
* run
* run_sequence
e scalar_in_tensor
e scalar_value
* scan
e scan_derivation_procedure
* scan_mask
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4.1.4

4.1.5

4.1.6

4.1.7

¢ scan_of derived values
¢ scan_of sampled values
* unit_assignment

parameterized_functions UoF

The parameterized_functions UoF contains the application objects needed to store functions of one
or more independent parameters, which are physical quantities. Functions which can be expressed in
tabular or polynomial form or as textual formulae are considered.

The following application objects are used by the parameterized_functions UoF:
¢ cyclic_tabular_function

* parameterized_function

* parameterized_function_with_formula

¢ polynomial_function

e tabular_function

¢ tabular_interpolation_type

physical_quantities and_units UoF

The physical_quantities and_units UoF captures the definition and representation of physical
guantities, their dimensions, units and values.

The following application objects are used by the physical_quantities and_units UoF:

¢ All objectsfrom the measure_schema defined in clause 4.14 of [STEP-41].

In particular:

* unit

date and_time UoF

The date_and_time UoF alows representation combinations of calendar date and time of day to be
defined.

NOTE 5 — The objects defined in this UoF correspond one-to-one with those defined in the date
time_schema of [sTEP-41]. Here only copies of the directly used objects are given.

NOTE 6 — The [STEP-41] ordinal_date, day of week and week _of_year objects are out of scope.
The following application objects are used by the date_and_time UoF:
¢ calendar_date
e coordinated_universal_time offset
e date
¢ date and_time
¢ J|ocal_time

general_support UoF

The general_support UoF contains application objects that are used to support the use of the principal
application objects listed in the other Units of Functionality in this subclause.

NOTE 7 —The objects in this UoF are taken as much as possible literally from [STEP-41] and
[STEP-203].

The following application objects are used by the general_support UoF:

* address

e approval

¢ document

¢ document_type

¢ document_usage constraint

* organization

* organizational_address

e organizational_project
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4.1.8

4.1.9

person
person_and_organization
personal_address
security_classification_level

space mission_aspects UoF

The space_mission_aspects UoF is a structured collection of data on the mission to be fulfilled by the
space product being developed or operated.

The following application objects are used by the space_mission_aspects UoF:

space_mission

space_mission_case
space_mission_phase
space_mission_aspect
space_mission_event

space mission_event_with_epoch

space mission_event_with_running_time
space_mission_event_with_true_anomaly
space_coordinate system

orbit_arc

discretised_orbit_arc
keplerian_orbit_arc

kepler_parameter _set
orbit_position_and_velocity
celestial_body

celestial_body with_orbit
thermal_aspects of _celestial_body
albedo_reflector

main_body_placement

main_body_placement_with_constant_rotation

main_body_placement_with_spinning
pointing_in_space
general_star_pointing

general_space pointing

attitude rotation
thermal_environment
thermal_radiation_spectrum
operational_mode

degradation_dose profile
kinematic_articulation

geometric_model UoF
The following application objects are used by the geometric_model UoF:

geometric_context
geometric_model
geometric_submodel _usage
geometric_construction_point
axis_placement
primitive_bounded_surface
triangle

rectangle
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4.1.10

4111

4.1.12

4.1.13

4.1.14

e quadrilateral

e disc

e cylinder

* cone

* gphere

¢ paraboloid

¢ compound_surface shell

* hoolean_construction_surface
* half_gpace plane

* half_space cylinder

¢ generalized_half_space

* boolean_result_surface

* boolean_difference surface

kinematic_model UoF

The following application objects are used by the kinematic_model UoF:
¢ kinematic_model

¢ kinematic_joint

* kinematic_pair

¢ kinematic _pair_value

* revolute kinematic_pair

e explicit_revolute_kinematic_pair_value
¢ implicit_revolute kinematic_motion

* prismatic_kinematic_pair

* prismatic_kinematic_pair_value

thermal_radiative_model UoF

The following application objects are used by the thermal_radiative_model UoF:
¢ basic thermal_radiative_model

* thermal_radiative face set

* meshed_thermal_radiative_ model

e thermal_radiative_meshing

¢ thermal_radiative meshing with_incremental_node list

¢ thermal_radiative meshing _with_full_node list

* enclosure

thermal_lumped_parameter_model UoF
WORKING NOTE 1 —Thisitem isidentified for a future version and not in scope for the AIM.

The thermal_lumped_parameter_model is a type of network_model representing the thermal
lumped parameter network model, which is used to compute temperatures and heatflows.

thermal_finite_element_model UoF
WORKING NOTE 2 — Thisitem isidentified for afuture version and not in scope for the AIM.

visual_presentation UoF

The visual_presentation UoF collects the application objects that capture visualisation aspects for use
in the various model representations.

The following application objects are used by the visual_presentation UoF:
e colour_rgb
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4.1.15

4.1.16

material_properties UoF

The material_properties UoF contains the application objects needed to specify identified materials —
possibly with surface treatments — and store their physical properties, as they are valid in certain
environments.

The following application objects are used by the material_properties UoF:
* material

¢ product_material_relationship

* material_property

* material_property_environment

e commercial_aspects of material

additional_physical _quantities and_measures UoF

The additional_physical_quantities_ and_measures UoF contains the application objects concerning
physical quantities and measures which are needed in addition to those specified in [STEP-NRF-AP].

The following application objects are used by the additional_physical_quantities and_measures
UoF:

¢ derived_unit

* conversion_unit

¢ function_valued_property
e string_valued_property

* number_valued_property
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4.2

4.2.1

4.2.2

4.2.3

4.2.4

4.2.5

4.2.6

4.2.7

4.2.8
4281

4.2.8.2

Application Objects

This subclause specifies the application objects for the STEP-TAS application protocol. Each
application object is an atomic element that embodies a unique application concept and contains
attributes specifying the data elements of the object.

The specification of each object comprises the following:

¢ jtsdefinition and purpose;

¢ itsattributes, including its associations to other application objects;
¢ theassertionsthat pertain directly to the object itself.

The application objects are grouped by Unit of Functionality.

Only the application objects that are specific to STEP-TAS are defined here. For the definition of the
application objects re-used from the STEP-NRF UoFs, the reader is referred to subclause 4.2 of
[STEP-NRF-AP].

Application assertions constraining [STEP-NRF-AP] application objects included in STEP-TAS, are
also valid within the present application protocol. When applicable, additional constraints on these
application objects are added in the clause 4.3 of this protocol.

product_structure UoF
The application objects pertaining to this UoF are defined in subclause 4.2 of [STEP-NRF-AP].

network_model_representation UoF
The application objects pertaining to this UoF are defined in subclause 4.2 of [STEP-NRF-AP].

bulk results UoF
The application objects pertaining to this UoF are defined in subclause 4.2 of [STEP-NRF-AP].

parameterized_functions UoF

The application objects pertaining to this UoF are defined in subclause 4.2 of [STEP-NRF-AP].
physical_quantities_and_units UoF

The application objects pertaining to this UoF are defined in subclause 4.2 of [STEP-NRF-AP].

date and_time UoF
The application objects pertaining to this UoF are defined in subclause 4.2 of [STEP-NRF-AP].

general_support UoF
The application objects pertaining to this UoF are defined in subclause 4.2 of [STEP-NRF-AP].

space_mission_aspects UoF
space_mission
A space mission isatype of ato_campaign which specifies amission in space. It collects the overall

characteristics and assigned data that apply to a number of space mission_cases.
Attributes:
* None
Assertions:
* None
Notes:
NOTE 8 — The attributes and assertions are in addition to those inherited from ato_campaign.

space_mission_case

A space mission_case is a type of ato_case which specifies a sequence of space mission_phases.
The ordering in sequence and synchronisation of these space_mission_phases is achieved through the
use of space mission_events.
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Attributes:

* coordinate_system: reference to a space_coordinate_system

Assertions:

* The of_campaign shall be aspace mission

¢ All phases shall be space_mission_phases

* The root_model shall reference a basic thermal radiative model or a meshed thermal
radiative_model

Notes:
NOTE 9 — The attributes and assertions are in addition to those inherited from ato_case.

Examples:

ExAMPLE 1 — An example space_mission_case could be one with the following attributes:

idis“LEOO2v1.1"

nameis“LEO Hot Earthpointing”

description is “Nominal lower atitude sun-synchronous orbit with morning passage — Satellite

earthpointing with yaw steering — Thermal hot case conditions’

phases reference a number of space mission_phasesfor:

- akeplerian_orbit_arc for one sun-synchronous orbit starting at the epoch of the start_event
which isaspace mission_event_with_epoch

- athermal_environment which specifies the maximum solar flux, albedo and earthshine

- amain_body_placement which specifies an earthpointing attitude for the spacecraft

EXAMPLE 2 — The diagram below shows how space mission_events are used to define space

mission_phases of space mission_aspects.

Mission Event: Eg =] E, Ej E,

orbit_arc #2 ‘: orbit_arc #3

d
Ll ]

orbit_arc #1

<

_"_
A
- "_ -

main_body_placement #1 main_body_placement #2

P »
L} Ll
' ' ' ' '
'

. kinematic_articulation #2 kinematic_articulation #4
kinematic_articulation #1 ! Kinematic_articulation #3 X
t—— P — P>

kinematic_articulation #5 :

D1
<

»'
»

material_property_environment #1

i »
«Q »
'

thermal_environment #1 thérmal_environment #2

'
A
< »

>
»

t=1 running mission time
(In this example Eg is a “Start of mission” event)

Figure4-1 - lllustration of the use of space_mission_eventsfor the specification of the different
space_mission_phases for space_mission_aspects of a space_mission_sequence

4.2.8.3 space_mission_phase
A space _mission_phaseisatype of ato_phase which specificies a certain number of space mission_
aspects for the duration of an interval in amission between a start and an end space_mission_event.
Attributes:
e start_event: referenceto aspace mission_event that marks the start of the space aspects
¢ end event: referenceto aspace mission_event that marks the end of the space_aspects
* gpace aspects: aset of one or more references to space_mission_aspects.
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4.2.84

4285

4.2.8.6

Assertions:

* Theof caseshall beaspace mission_case

e gtart_event and end_event shall not point to the same space_mission_event instance

* The of _case of the aspect shall refer to the same space mission_case as of case

* |f thestart_eventisaspace mission_event_with_running_timethen the end_event shall also bea
space mission_event_with_running_time

¢ |f thestart_eventisaspace mission_event_with_true anomaly thentheend event shall also bea
space mission_event_with_true_anomaly

¢ Each of the space_aspects shall be a different type of space mission_aspect

Notes:
NOTE 10 — The attributes and assertions are in addition to those inherited from ato_phase.

space_mission_aspect

A space _mission_aspect is a specification of a characteristic aspect of amission. It is a generic object
which captures the data common to all space mission_aspects and provides a generic referencing
mechanism. A space_mission_aspect can be one of the following:

* anorbit_arc

* amain_body placement

e akinematic_articulation

* amaterial_property_environment

* athermal_environment

Attributes:

¢ of case referenceto aspace mission_case
* id: identifier string

* name: label string

¢ description: textual description
Assertions:

¢ Theid shall be unique within the of _case

space_mission_event

A space mission_event is a named event in a space mission. Such events are used to provide
sequencing and synchronisation points in the mission timeline for the various space_mission_aspects
defined in the space_mission_phases of aspace_mission_case.

Attributes:

¢ of case referenceto aspace mission_case

* id: identifier string

* name: label string

¢ description: text describing the event

Assertions:

¢ Theid shall be unique within the of _case

space_mission_event_with_epoch

A space mission_event_with_epoch is a type of space mission_event for which the epoch is
specified.

Attributes:

¢ epoch: reference to a calendar date and universal coordinated time

Notes:
NOTE 11 — The attributes and assertions are in addition to those of space mission_event.
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4.2.8.7

4.2.8.8

4.2.8.9

NOTE 12 — The epoch definition implies that the epoch is specified with year, month, day, hour,
minute and second.

NOTE 13 — Calendar date and universal coordinated time are defined in the date time _schema of
[STEP-41]

space _mission_event_with_running_time

A space_mission_event_with_running_time is a type of space mission_event for which a running
time relative to some reference moment of time in the mission is specified.

Attributes:

* running_time: time_measure specifying the running mission time

Notes:
NOTE 14 — The attributes and assertions are in addition to those inherited from space mission_
event.
NOTE 15 —The running_time for a “ Start of mission” event does not necessarily have to be set to
zero. Any value — even a negative value — is allowed.

space_mission_event_with_true_anomaly

A space mission_event_with_true anomaly is a type of space mission_event for which the true
anomaly is specified relative to 0° true anomaly position, which defined as part of an orbit_arc.

Attributes:
¢ true anomaly: plane angle measure specifying the true anomaly
Notes:

NOTE 16 — The attributes and assertions are in addition to those inherited from space mission_
event.

space_coordinate_system

A space _coordinate system isareference coordinate system used in the definition of orbit trgjectories
and spacecraft orientation. The following coordinate systems for space missions are defined (adapted
from [Larson& Wertz], [ESABASE-RM], [THERMICA] and [ESARAD-RM]).

WORKING NOTE 3—The basic systems 1) and 2) are considered in this version of the AP. The
additional systems 3), 4), 5) and 6) areidentified for a future version.
1) star_centric_inertial_ecliptic
Origin at the centre of the star
X axis—in the ecliptica and towards the specified standard direction
Z axis—towards the ecliptic north pole, i.e. normal to the ecliptica NN
Y axis—to complete the right-handed orthogonal coordinate system,i.e. Y = Zx X
NOTE 17 — The standard direction is specified as the Gamma-50, the Gamma-2000 or the True-of-
Date (TOD) vernal equinox.
2) planet_centric_star fixed_equatorial
Origin at the centre of the planet
X axis— coincides with the “reference line” (see NOTE below)
Z axis—towards the planet’s north celestial pole (i.e. parallel to the south;to—ngrth;pole vector)
Y axis—to complete the right-handed orthogonal coordinate system.i.e. Y = Zx X
NoTE 18 — The reference line is the orthogonal projection of the planet-centre-to-star-centre vector
onto the planet’s equatorial plane.
NOTE 19 —The direction of the star is specified through the epoch or the declination. The right
ascension of the star is 0° by definition.
3) planet_centric_inertial_ecliptic
Origin at the centre of the planet
X axis— parallel to the ecliptica and towards the specified standard direction
Z axis—towards the ecliptic north pole NN
Y axis—to complete the right-handed orthogonal coordinate system.i.e. Y = Zx X
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4.2.8.10

NoOTE 20 — The direction of the star is specified through the epoch or the right ascension.
4) planet_centric_inertial_equatorial
Origin at the centre of the planet
X axis—in the equatorial plane towards the specified standard direction
Z axis—towards the planet’s north celestial pole (i.e. parallel to the south- to—north pole vector)
Y axis—to complete the right-handed orthogonal coordinate system. i.e. ¥ =7ZxX

NOTE 21 —The direction of the star is specified through the epoch or the right ascension and the
declination.
5) planet_centric_star fixed ecliptic
Origin at the centre of the planet
X axis — parallel to the orthogona projection of the centre-of-planet-to-true-of-date-star-position
vector onto the ecliptica
Z axis—towards the ecliptic north pole
Y axis—to complete the right-handed orthogonal coordinate system. i.e. ¥=7xX
NOTE 22 — The direction of the star is specified through the epoch or the declination. The right
ascension of the star is 0° by definition.
6) planet_centric_local
Origin at the centre of the planet
X axis—in the planet’s equatorial plane and through the 0° longitude
Z axis—towards the planet’s north celestial pole (i.e. parallel to the south- to-north pole vector)
Y axis—to complete the right-handed orthogonal coordinate system. i.e. Y =2ZxX
NoOTE 23 — The direction of the star is specified through the epoch or through the right ascension
and the declination.

Attributes:

* reference system: one item from the enumeration:
{“star_centric_inertia_ecliptic”,
“planet_centric_star_fixed equatoria”,
“planet_centric_inertial_ecliptic”,
“planet_centric_inertial_equatorial”
“planet_centric_star_fixed_ecliptic”,
“planet_centric_local” }

¢ standard_direction: OPTIONAL one item from the enumeration:
{“gamma 50 verna_equinox”,
“gamma_2000_vernal_equinox”,
“TOD_verna_equinox”}

Assertions:

¢ standard_direction shall be specified when reference_systemis one of
{“star_centric_inertia_ecliptic”,
“planet_centric_inertial_ecliptic”,
“planet_centric_inertial_equatorial”}.

Notes:

NOTE 24 — The most often used reference system, for spacecraft orbiting the Earth, is “planet_
centric_star_fixed equatorial”.

orbit_arc

An orbit_arc is a space_mission_aspect that captures the generic part of the data necessary for the
specification of an orbit arc. Only its derived specialisations discretised_orbit_arc and keplerian_
orbit_arc will be instantiated in the exchange dataset, not the orbit_ar c itself.

Attributes:

¢ orbit_class: oneitem from {“general”, “geostationary”, “sun_synchronous’, "molniya’}

¢ governing_celestial_body: reference to the celestial_body that governs the orbit

¢ evaluation_events: list of zero or more references to space mission_events, which specify the
pointsin the orbit arc where evaluation shall take place
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e star_spherical_right_ascension: OPTIONAL plane angle measure

e star_spherical_declination: OPTIONAL plane angle measure, which specifies the direction of the
Star

¢ orbit_period: OPTIONAL time measure with unit, specifying the period of the orbit

Assertions:

* The evaluation_events shall either all be space mission_event_with_epochs or al be space
mission_event_with_running_timesor all be space_mission_event_with_true_anomalys

* |f the evaluation events are space mission_event_with_running_times the running time is
relative to the start_event of of_case.

* |f the evaluation events are space mission_event_with_true anomalys the true anomaly is
relative to the 0° true anomaly

¢ The running_time or epoch or true_anomaly attribute values of the evaluation_events shall form a
monotonic increasing list —i.e. the attribute value for an event shall be equal to or larger than the
attribute value of its preceding event

* The star_spherical_right_ascension shall be specified if the coordinate system of the space
mission_case is “planet_centric_star_fixed ecliptic’ or “planet_centric_star fixed_equatoria”,
otherwise it shall not be specified.

e -360° < star_spherical_right_ascension < 360°

* —90° < star_spherical_declination < 90°

Notes:
NOTE 25 — The attributes and assertions are in addition to those inherited from space mission_
aspect
NOTE 26 — The space _coordinate _system for the orbit_arc is specified in the coordinate system
of of _case.

N

star_spherical_declination

. X |
: < \ g
star_spherical_right_ascension ==~ g

Y

origin at
centre of planet

Figure4-2 - lllustration of the definitions of the
star_spherical_right_ascension and star_spherical_declination angles
Examples:
ExAMPLE 3 —“SunSync-Cold” is an example of such aname of an orbit_arc.
EXAMPLE 4 —An example for description is:
“Sun-sync, 22:30L ST, h=max=800km”.
ExamPLE 5 —Another example for description is:
“STS parking orbit, h=350km, 1=28.5°, beta=52° (maximum)”
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4.2.8.11

4.2.8.12

4.2.8.13

discretised_orbit_arc

A discretised_orbit_arc is a speciadisation of an orbit_arc, in which a general orhit arc is defined as

an ephemeris—i.e. asalist of positions with velocity vectors. This enables support of complex orbits —

e.g. perturbed orbits. For informational purposes a set of Kepler orbit parameters may be referenced to

indicate an associated unperturbed orbit arc.

Attributes:

¢ centre of governing celestial_body: referenceto acartesian_point

* positions_and_velocities: list of orbit_position_and_velocity objects

¢ orbit_generator_name: label string providing information on the orbit generator package and/or
algorithm, which was used to generate the orbit evaluation positions

¢ kepler_parameters: OPTIONAL referenceto akepler_parameter_set

Assertions:

* There shal be one positions and velocities entry for each evaluation event entry (see the
definition in subclause 4.2.8.10 “orbit_arc”)

Notes:
NOTE 27 — The attributes and assertions are in addition to those inherited from orbit_arc.

NOTE 28 —The centre_of governing_celestial_body and the positions and velocities are
expressed in the coordinate_system of the space_mission_case to which the orbit_arc belongs.

NOTE 29 — The 0° true anomaly is defined by the vector from the centre_of governing_celestial_
body to the first orbit position in the positions and velocities list.

keplerian_orbit_arc

A keplerian_orbit_arcisatype of orbit_arc which defines an undisturbed basic Keplerian orbital arc.

Attributes:

* kepler_parameters: reference to a kepler_parameter_set, which specifies a set of 6 classical
Kepler orbit parameters

Assertions:

* None

Notes:
NoTE 30 — The attributes and assertions are in addition to those inherited from or bit_arc.

kepler parameter set

A kepler_parameter_set isan object collecting the 6 classical Kepler orbit parameters.
Attributes:
* semi_major_axis. apositive length measure
* eccentricity: a positive real number, which specifies the orbit trajectory shape
- eccentricity = 0: circular orbit
- O<eccentricity < 1: elliptical orbit
- eccentricity = 1: parabolic orbit
- eccentricity > 1: hyperbolic orbit
¢ inclination: plane angle measure between XY-plane of the coordinate _system and the orbit plane,
-180° < angle< 180°
* right_ascension_of ascending_node: plane angle measure, —360° < angle < 360°
¢ argument_of periapsis: plane angle measure from ascending node to periapsis, 0° < angle < 360°
* true anomaly at_start: plane angle measure from periapsis to the start position of the orbit arc,
—360° < angle < 360°
Assertions:

* |If reference_system of coordinate system is “star_centric_inertial” or “planet_centric_inertial”,
then the right ascension of the ascending node is measured relative to the standard_direction.
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* |f reference_system of coordinate systemis “planet_centric_local”, then the right ascension of the
ascending node is measured from the reference line, which is the projection of the planet-to-star

vector on the equatorial plane of the planet.

¢ |f the first element of the evaluation_events list is a space_mission_event_with_true anomaly
then itstrue_anomaly shall be equal to thetrue_anomaly_at_start

Notes:
NOTE 31 —The 0° true anomaly is defined by the vector from the centre of the governing celestial

body to the periapsis of the orbit
NOTE 32 — Figures 4-3, 44, 4-5 and 46 illustrate the definition of the Kepler orbit parameters.

main body (of spacecraft)

1t\rue_anomaly
periapsis

apoaPSIS| - - < - ool

governing_celestial_body

eccentricity < 1

semi_major_axis eccentricity ® semi_major_axis

Figure 4-3 - lllustration of the parametersfor a basic elliptical Keplerian orbit
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main body (of spacecraft)
/ true_anomqu ’

periapsis

argument_of_periapsis

to star

erenC a ascending_node

right_ascension_of_ascending_node

Figure 44 - lllustration of parametersfor a Keplerian elliptical orbit around a planet,
in thetypical “planet_centric_star_fixed_equatorial” space coordinate system

main body I
(of spacecratft)

true_anomaly

governing_celestial_body !

eccentricity = 1
semi_major_axis

Figure4-5 - lllustration of parametersfor a Keplerian parabolic orbit
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main body
(of spacecraft)

true_anomaly

governing_celestial_body
semi_major_axis ,

eccentricity > 1

' »
A »

eccentricity « semi_major_axis

Figure 4-6 - lllustration of parametersfor a Keplerian hyperbolic or bit

4.2.8.14 orbit_position_and_velocity
An orbit_position_and_velocity is the specification of an orbit position and a velocity vector. Thisis
an element of the ephemeris of an orbit. The position and velocity are defined in the coordinate_system
of the of_case of the discretised_orbit_arc which references the orbit_position_and_velocity.
Attributes:
* position: referenceto acartesian_point
* velocity_magnitude: velocity measure, which specifies the magnitude of velocity at position.
¢ velocity direction: direction of the velocity vector, defined by three Cartesian direction component
velocities at position.
4.2.8.15 celestial_body
A celestial_body isthe specification of the name and characteristic gravitationa attributes of acelestial
body.
Attributes:
* name: label string—e.g. “Sun”, “Earth”, “ Jupiter”, “Moon”
¢ radius: referenceto alength_measureor to afunction_valued_property that defines the radius of
the celestial body. In thefirst case, the radiusis a constant, in the second it shall be afunction of the
latitude and/or longitude of the celestial body.
¢ gravitational _constant: a measure defined as the product of the Newtonian constant of gravitation
(G =6.67259:10 11 m3kgls1) and the mass of the celestial body, its dimension is L3 [T —2
* sidereal_rotation_period: OPTIONAL time measure
Assertions:
¢ name shall be unique within the exchange dataset
* The following list of celestial body names shal be pre-defined: {“Sun”, “Mercury”, “Venus’,
“Earth”, “Mars’, “Jupiter”, “Saturn”, “Neptune”, “Uranus’, “Pluto”, “Moon™}.
Notes:
NOTE 33 —If one of the pre-defined names is used, a software package receiving an exchange
dataset may apply default data it contains on the specific celestial body.
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4.2.8.17

Examples:
EXAMPLE 6 — For Earth the gravitational_constant is 3.986005+10%* m3/s?

EXAMPLE 7 — For Sun the gravitational_constant is 1.32712438+10%° m3/s?
ExXAMPLE 8 — For Earth the sidereal_rotation_period is 23 hours 56 minutes 4 seconds = 86164 s

celestial_body with_orbit

A celestial_body_with_orbit isatype of celestial_body to which the specification of the orbit around

its governing celestial body is added. This enables the definition of a complex orbital system with a

chain of celestial bodies and orbits.

Attributes:

e orbit: reference to an orbit_arc, which specifies the orbit of the celestial body around its governing
celestial body; the reference plane for orbit inclination is the ecliptica

Assertions:

* The object shall only be used when the coordinate_system of the space mission_case to which the
orhit belongs, is one of the “inertial” systems.

Notes:
NOTE 34 — The attributes and assertions are in addition to those inherited from celestial_body.

Examples:
EXAMPLE 9 —A planet in its orbit around the Sun.
ExAMPLE 10 — The Moon in its orbit around the Earth, and the Earth in its orbit around the Sun.

thermal_aspects of celestial_body

A thermal_aspects of celestial_body specifies the thermal aspects of a celestial body.

Attributes:
e of celestial_body: referenceto celestial_body

* black body surface temperature: reference to a thermodynamic_temperature measure or to a
function_valued_property that defines the equivalent black body temperature of the surface of the
of celestial_body. In the first case, the temperature is a constant, in the second it shall be afunction
of the latitude and/or longitude of the of _celestial _body

¢ notional_distance to_celestial_body: OPTIONAL positive length_measure that specifies the
distance to the celestial body to be used for calculation of the thermal flux coming from the of _
celestial_body.

* gpectrum: OPTIONAL reference to athermal_radiation_spectrum

* albedo reflectors: set of zero or more references to albedo_reflectors

Notes:
NoTE 35— The thermal radiation flux from a celestial body can be calculated using the formula:

2
® = oT4 [c)rj—z , where: @ isflux in eg. [W/m?], O is the Stefan-Boltzmann constant, T is

the black_body_surface temperature, I' is the radius of the celestial_body and d is the distance
from the centre of the celestial body.

NOTE 36 — Use of the notional distance enables the specification of asolar (or other stellar) thermal
environment without defining the orbit of a planet explicitly in a celestial_body with_orbit
instance.

NoOTE 37 — The default is Planck’s black body thermal radiation curve for the black_body_surface
temperature — e.g. the predefined “ Generic infra-red” thermal_radiation_spectrum for Earth.
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A 2
NOTE 38 — Planck’s black body thermal radiation curveis E(T) = J’AZZHQC Dech v (kiT) 1d)\
. _

where: E isemitted energy per unit areafor the wavelength range A; to A, , h isPlanck’s constant,

c is the speed of light, A is wavelength, k is Boltzmann's constant and T is the black body
temperature.

Examples:

EXAMPLE 11 — For a spacecraft near Earth the mean Sun-Earth distance (1.49675¢10 m) is often
used as anotional distance.

4.2.8.18 albedo_reflector

An albedo_reflector is the specification of thermal radiation through albedo reflection off a celestial

body. The albedo reflection factor quantifies the fraction of incident thermal radiation from astar that is

diffusely reflected by a planet.

Attributes:

¢ albedo_originator: reference to athermal_aspects of celestial_body, which defines the celestial
body from which the albedo radiation originates

¢ albedo_reflection factor: ratio_measure or reference to afunction_valued_property that defines
the albedo reflection factor. In thefirst case, the albedo reflection factor is a constant, in the second,
it shall be afunction of the latitude and longitude of the referencing celestial_body (through the of _
celestial_body attribute of the thermal_aspects of celestial_body that references the albedo
reflector).

¢ gpectrum: OPTIONAL reference to athermal_radiation_spectrum

Assertions:

* Thevalue of the albedo_reflection_factor shall be within therange[0., 1.]

* Thealbedo originator shall not reference the samethermal_aspects of celestial_body for which
an albedo_reflector isbeing defined

Notes:

NoTE 39 — If spectrumis left undefined, it is considered to be the same as the emission thermal _
radiation_spectrum of albedo_originator
4.2.8.19 main_body_placement

A main_body placement is a type of space mission_aspect which specifies the position and

orientation of the main body of an engineering object, in space.

The position is specified as a trandlation relative to a point on the main body’s trajectory, i.e. the orbit

position at an actual evaluation event.

The orientation is specifed by one or two pointing directions for, respectively, one or two axes of the

object, optionally followed by a sequence of axis rotations.

The main body of an engineering object is represented by a root geometric_model — i.e. a single

geometric_model when no model/submodel tree is present and the root level geometric_model of a

model/submodel tree when such a tree is present. A geometric model/submodel tree and submodel

occurrences are defined through geometric_submodel_usages (see subclause 4.2.9.3 on page 4-24).

The local coordinate system of a main body is the coordinate system of the associated geometric

model.

In further specialisations of main_body_placement a constant angular velocity or spinning about an

axis can be specified, using one of the following application objects:

* amain_body placement_with_constant_rotation;

e amain_body_placement_with_spinning.

Attributes:

e trandation: OPTIONAL Cartesian trandation, specifying a trandation of the origin of the
coordinate system of the main body. The trandation is specified with respect to areference point in
space, which would normally be an evaluation point on an orbit arc.
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e primary_orientation: OPTIONAL referenceto apointing_in_space, specifying a primary pointing
of the main body for the pointer defined in the pointing_in_space

¢ secondary orientation: OPTIONAL reference to a pointing_in_space, specifying a secondary
pointing of the main body for the pointer defined in the pointing_in_space, while fulfilling the
constraint of the primary_orientation

¢ rotations: list of zero or more references to attitude_rotations, specifying a sequence of rotations
to be applied after the primary and secondary orientations
Assertions:

* When both primary orientation and secondary orientation are left undefined then the initial
orientation is assumed to be according to the space _coordinate system of the space mission_
case, i.e. the main body X-axis along space_coordinate_system X-axis, etc.

* The secondary_orientation shall not be defined when the primary_orientation is undefined

* The pointer of the secondary_orientation shall be different from the one specified for the primary_
orientation.

* The pointing_direction of the secondary _orientation shall not be parallel or anti-parallel to the
pointing_direction of the primary_orientation.

Notes:
NOTE 40 — The attributes and assertions are in addition to those inherited from space mission_

aspect.
NOTE 41 — The orientation of a spacecraft is often called “ attitude”.

NOTE 42 —While the primary orientation is an actual orientation that can always be executed
perfectly, the secondary orientation defines, in principle, an approximate orientation. The actual
secondary orientation is defined as the direction for which the deviation between the specified
desired pointing and the pointer of the secondary_direction is minimised under the constraint of
the correct execution of the primary_orientation.

main_body_placement_with_constant_rotation

A main_body_placement_with_constant_rotation isamain_body_placement to which the
specification of arotation with constant angular velocity about a given axisis added.
Attributes:

* rotation_axis: reference to an axis_placement, which specifies the rotation axis. The rotation axis
passes through the location of the axis_placement and its direction is defined by the z axis_
direction of the axis_placement.

e angular_velocity: specifies a constant angular velocity measure with dimension [plane angle / unit
of time]

Assertions:

* None

Notes:
NOTE 43 —The attributes and assertions are in addition to those inherited from main_body
placement.

NOTE 44 —A positive value for angular_velocity indicates a positive sense of rotation in a
right-handed orthogonal coordinate system.

main_body_ placement_with_spinning

A main_body_placement_with_spinning is a main_body_placement to which the specification of
spinning about a given axis of a main body is added. When applicable, also the number of spin
positions that should be used for averaging during thermal-radiative flux computations are specified.

Attributes:

* gpin_axis: reference to an axis_placement, which specifies the rotation axis. The rotation axis
passes through the location of the axis placement and its direction is defined by the z axis
direction of the axis_placement.
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number_of_spin_positions: OPTIONAL INTEGER that specifies the number of positions per 360°
spin revolution to be evaluated for spin averaging in thermal radiation flux computations, for each
orbit evaluation position.

Assertions:

The number_of spin_positions shall be a positive integer

Notes:

NOTE 45 —The attributes and assertions are in addition to those inherited from main_body
placement.

NOTE 46 — Spinning is a relatively fast rotation, in the following sense: the duration of one spin
revolution is short with respect to the typical thermal response times for equipment of the involved
object, in particular of exposed parts on its exterior.

pointing_in_space

A pointing_in_space specifies a direction in space, which can be used for orientating objects in space.
A pointer direction for an object and a desired_pointing direction in space are specified. The object is
perfectly pointed when the pointer is pointing in the desired_pointing direction.

Attributes:

pointer: a 3D Cartesian direction, which specifies a direction vector in the local coordinate system
of the object to be pointed. The pointer startsin the origin of the local coordinate system.

desired pointing: one item from the enumeration:

{governing_star, equatorial_projection_of governing_star, vernal_equinox, ecliptic_north_pole,
planet_centre, planet_zenith, planet_north_pole, angular_momentum, spacecraft velocity vector,
referenceto ageneral_star_pointing, reference to ageneral_space pointing}

Notes:

NOTE 47 —In search for a complete, but still not overly complex, coverage of the different
possibilities to specify a pointing for attitude definition in space, the pointing directions defined
below were selected. This extensive method of orientation definition is preferred over a more
concise mathematical method — using e.g. bare transformation matrices and “hard-defined” initial
pointings — because such an extensive method captures a lot of mission information, that would
otherwise be lost. Such information is very useful for human interpretation purposes. Inputs from
[Larson& Wertz], [ESABASE-RM], [THERMICA] and [ESARAD-RM] were used to compile this
definition.
The following eleven pointing directions are provided to be used for orientation in space:
a) governing_star
in the true direction to the governing star at the current epoch
b) equatorial_projection_of governing_star
parallel to the normal projection of the planet-centre-to-governing-star vector on the equatorial
plane of the planet (this projection lineis commonly called the “reference line”)
c) vernal_equinox
towards the vernal equinox direction
d) ecliptic_north_pole
towards the north pole of the ecliptic plane of the star-planet system
€) genera_star
in adirection specified by aright ascension and a declination relative to the vernal equinox
f) planet_centre
towards the centre of the planet
g) planet_zenith
away from the centre of the planet, i.e. the opposite direction of planet_centre
h) planet_north_pole
parallel to the south-to-north-pole vector of the planet

i) angular_momentum
parallel to the positive normal on the orbit plane
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4.2.8.24
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j) spacecraft_velocity vector
parallel to the spacecraft’s velocity vector, i.e. tangent to its orbit trgjectory

K) general_direction
parallel to the direction defined by means of a direction vector in a given referenced space
coordinate_system

NOTE 48 — The general_star_pointing and general_space pointing need additional parameters,
see their respective definitions.

general_star_pointing

A general_star_pointing specifies apointing direction to an identified star.
Attributes:

¢ of case: referenceto aspace mission_case

e gtar_name: label string, specifying the name of the star for information only

e dtar_gpherical_right_ascension: plane_angle measure from the X axis in the XY plane to the
plane defined by the Z axis and the vector to the centre of the star

e star_spherical_declination: plane_angle measure from the XY plane in the plane defined by the
Z axis and the vector to the centre of the star.

Assertions:

* The star_name shall be unique within the of case

* -360° <right_ascension < 360°

* -90° < declination < 90°

Notes:
NOTE 49 — The pointing is defined in the space_coordinate_system referenced by the of_case
NOTE 50 — See also the illustration in Figure 4-2 on page 4-12.

general_space pointing

A general_space pointing specifies a genera pointing direction in the space coordinate system of a

space_mission_case.

Attributes:

¢ of case referenceto aspace mission_case

* name label string

¢ (direction: a3D Cartesian direction vector, which specifies the pointing direction in the coordinate
system of the of_case

Assertions:

* The name shall be unique within the of_case

Notes:
NOTE 51 — The pointing is defined in the space _coordinate system referenced by the of case

attitude rotation

An attitude_rotation is a specification of arotation about a given axis of a product.

Attributes:

e axis: the specification of the axis of rotation, which is defined by a 3D Cartesian direction vector in
the local coordinate system of an engineering object. The axis passes through the origin of the local
coordinate system.

* angle: plane angle measure or reference to afunction_valued_property that specifies the angle of
rotation. In the first case, it is a constant, in the second it shall be a function of one parameter from
{orbit_computation_time, epoch or true_anomaly}. A positive value indicates a positive rotation
sense in aright-handed orthogonal coordinate system.

Assertions:
* -360° < angle< 360°
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4.2.8.26

4.2.8.27

Notes:

NOTE 52 — Some software tools in the application domain only have mathematical transformation
matrices available for specification of attitude rotations. In this case no information on a sequence
of rotations about principal axesisknown. A STEP-TAS export module for such atool shall usethe
following pseudo-algorithm to derive a sequence of rotations about principal axes:

- Try to derive arotation about the X-axis with: -180° < rotation-angle < 180°

- Try to derive arotation about the Y-axis with: -180° < rotation-angle < 180°

- Try to derive arotation about the Z-axis with: -180° < rotation-angle < 180°

Any 3-dimensional rotation matrix can be decomposed into a sequence of two rotations about two
principal axes.

kinematic_articulation

A Kkinematic_articulation is a space_mission_aspect, which specifies the actual articulation of a
kinematic_pair (and therefore akinematic_joint) during an interval in a space mission. The start and
end of the interval are specified in the space mission_phase or space mission_phases which
reference the kinematic_articulation.

Attributes:

e dtart_pair_value: referenceto akinematic pair_value, which specifiestheinitial value

¢ end pair_value: referenceto akinematic_pair_value, which specifies the final value

Assertions:

e gtart pair_value and end_pair_value shall reference kinematic pair_values for the same
kinematic_pair (referenced by the applies to_pair attribute of kinematic_pair)

Notes:
NOTE 53 — The attributes and assertions are in addition to those inherited from space mission_
aspect.

thermal_environment

A thermal_environment is a type of space mission_aspect that captures the parameters that define
an external thermal environment. It can be used for space environments as well as for test chamber
environments.

Intypical LEO or GEO missionsthere aretwo thermal_aspects of celestial_body objects, “Sun” and

“Earth”. It is entirely possible however to alow for more celestial bodies with their thermal

characteristics to be relevant to a space mission.

Attributes:

¢ environmental_sink_name: label string

e environmental_sink_node_id: OPTIONAL integer thermal node id

e environmental_sink_temperature: far field temperature measure

¢ celestial_body environment: list of zero or more thermal_aspects of celestial_body objects

e gar_flux_constant: OPTIONAL thermal radiation flux measure, which specifies a constant thermal
flux coming from a star, with the dimension of unit power per unit area

Assertions:

* Thelist entriesin celestial_body_environment must reference different celestial_bodys

e |f star_flux constant is specified and the celestial _body environment list contains a thermal _
aspects of celestial_body for a star, than star_flux_constant overrides the flux that can be derived
from black body surface temperature and notional_distance from celestial body of the
referenced ther mal_aspects_of_celestial_body instance(s)

Examples:
ExAMPLE 12 — Typical environmental_sink_names are “ Space”, “Deep Space” or “ Shroud”
ExAMPLE 13—A typical environmental_sink node id is 9999, which is often used for “Deep
Space”
ExampLE 14 —A typical value for environmental_sink_temperature equals 4K for deep space
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4.2.8.29

4.2.8.30

4.2.9
4291

4.29.2

ExAMPLE 15— For star_flux_constant the year-averaged Solar Constant near Earth (1371 W/mz) is
often used.

thermal_radiation_spectrum

A thermal_radiation_spectrum is a named spectrum for thermal electromagnetic radiation defining

the radiation intensity as a function of wavelength.

Attributes:

* name: label string

* description: text, describing details on e.g. validity and/or application of the spectrum

¢ values: reference to a function_valued_property that defines a normalised intensity property
class as afunction of wave_length

Examples:

EXAMPLE 16 — Spectra could be specified for: “Solar”, “ESTEC-LSS’, “Blackbody 100K”,
“Earth-Albedo”

operational_mode

WORKING NOTE 4 — Thisitem isidentified for afuture version and not in scope for the AIM.
degradation_dose _profile

WORKING NOTE 5 —Thisitem isidentified for afuture version and not in scope for the AIM.
geometric_model UoF
geometric_context

A geometric_context specifies all global assignments for use in the geometric_models contained in
an exchange dataset.
Attributes:

¢ |ength_unit: reference to a length_unit, which specifies the actual length unit for all length_
measur es in the geometric models

ExamPLE 17 — Typically metre or millimetre would be used.

¢ plane_angle unit: reference to aplane_angle unit, which specifies the actual plane angle unit for
al plane_angle_measures in the geometric models.

ExAMmPLE 18 — Typically degree would be used in space applications.

* point_in_plane uncertainty: reference to a length_measure, denoting the maximum distance a
fourth or higher definitional point of a planar geometric shape may deviate from the plane defined
by the first three definitional points.

* point_coincidence uncertainty: reference to a length_measure, denoting the maximum distance
two points may be apart while still being considered to define the same point in a coordinate space.

Assertions:

¢ There shall be one and only one geometric_context per exchange dataset

geometric_model

A geometric_model is a model representing the shapes of a product and the shapes of its (intended)

operating environment, as far as these are relevant for analysis purposes.

Attributes:

* id: identifier

* name: label

¢ description: text

¢ surfaces. one or more references to primitive_bounded_surfaces, compound_surface shells,
boolean_construction_surfaces or boolean_difference_surfaces

¢ submodel_usages: zero or more references to geometric_submodel_usages
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Assertions:
* None
Notes:
NOTE 54 — In this protocol the supported shapes are restricted to bounded surfaces.

4.2.9.3 geometric_submodel_usage
A geometric_submodel_usage is a specification of the usage of one geometric_model as a submodel
of another geometric_model, which is then called its ‘supermode’. It has an axis placement attribute
which makes it possible to define a new coordinate system for the submodel with respect to the
coordinate system of its supermodel.
The geometric_model instances in a model/submodel tree are considered to be rigid bodies. Only at
the supermodel/submodel interfaces relative (kinematic) motion is possible.
Attributes:
e id: identifier
* role: label specifying the usage of the submodel in the context of its supermodel
¢ submodel: reference to a geometric_model
¢ placement: reference to an axis placement, which specifies the position and orientation of the
coordinate system for the submodel with respect to the coordinate system of its supermodel
Assertions:
* The model/submodel tree established by submodel _usage shall form an acyclic graph
Notes:
NOTE 55 —1In the space mission_phase object it is possible to define dynamic position and
orientation for the root geometric model through a main_body_placement referenced in the
space_aspects attribute. In addition, dynamic position and orientation for submodels can be defined
through a kinematic_articulation aso referenced in the space_aspects attribute. In contrast the
position and orientation defined above in placement is used for static construction of the model.
4.29.4 geometric_construction_point
A geometric_construction_point is a definition of a named point in 3-D space in Cartesian,
orthonormal, right-handed coordinate system with x, y and z coordinates. A geometric_construction_
point can be referenced at any place in a shape definition where a point is demanded. The unit of length
is specified in the geometric_context (see subclause 4.2.9.1).
Attributes:
* id: identifier string
e coordinates: list of three length_measures, for x, y and z coordinates respectively
Assertions:
* Theid shall be unique within the geometric_model in which the point is used
4.29.5 axis_placement
An axis _placement defines the location and orientation of a Cartesian orthonormal coordinate system
in three-dimensional space with respect to the coordinate system in which it is specified.
Attributes:
* |ocation: reference to ageometric_construction_point
* z axis direction: exact direction definition of the z-axis
e X axis direction: (approximate) direction definition of the x-axis
The exact direction of the x-axis is defined as orthogonal to the z_axis direction, in the plane formed
by the x_axis direction and z_axis_direction and as close as possible to the given x_axis _direction
The direction of they-axisis derived from the vectorproduct of the z-axis and x-axis directions, to form
aright-handed orthonormal coordinate system.
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4.2.9.6

4.29.7

42971

Surface definitions

In this protocol a geometric_model is constructed from surfaces. In order to unambiguously specify
the various surface objects, first the general definitions below are given.

* A bounded surface is a surface of finite area with identifiable boundaries.
* Anunbounded surface is a surface that extends infinitely in one or more directions.

* Thefollowing surface categories are identified:
- Primitive bounded surfaces,
which are the elementary surfaces such as triangles, rectangles, discs, cones, cylinders, etc.
- Compound bounded surfaces,
which are surfaces that consist of a named group of connected primitive bounded surfaces.
- Auxiliary boolean construction surfaces,
which are unbounded surfaces that may be used in the specification of boolean results surfaces.
- Boolean result surfaces,
which are surfaces that are created by applying a boolean operation on two existing surfaces.

* The positive side of a surfaceisthe side that is identified by the positive geometric normal, whichis
given as part of the definition of all primitive bounded surfaces and auxiliary boolean construction
surfaces.

* The sense of asurfaceisthe side that is used in boolean construction operations. When the senseis
positive, the solid at the positive side of the surface is used as a bool ean operand and when the sense
is negative the opposite side of the surface is used as a boolean operand.

Primitive bounded surfaces

This subclause defines the primitive bounded surfaces:
* primitive_bounded_surface,

e triangle,

* rectangle,

e quadrilateral,

e disc,

e cylinder,

* cone,

* gphere,

¢ paraboloid.

primitive_bounded_surface

A primitive_bounded_surface is a surface of finite area with identifiable boundaries. It is a generic

object which specifies the attributes common to all primitive bounded surfaces.

Attributes:

* id: identifier string

¢ placement: OPTIONAL referenceto an axis_placement, that specifiesalocal coordinate system in
which the positioning attributes of the subtypes of primitive_bounded_surface are expressed.

¢ colour: OPTIONAL reference to a colour_rgb, which specifies a colour that may be used for
presentation purposes
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429.7.2

triangle

A triangleisaplanar primitive_bounded_surface defined by three points.

NOTE 56 — The attributes and assertions are in addition to those inherited from primitive_
bounded_surface.

Attributes:

* pl: referenceto a geometric_construction_point
* p2: referenceto a geometric_construction_point
* p3: referenceto a geometric_construction_point

The positive normal on the surface is defined by plp2 x p1p3

Thefirst parametric direction (direction-1) is defined along FTpZ vector,
the second parametric direction (direction-2) is defined along the the [?pi)% Vector.
A sketch of the definition is given in the figure bel ow.

Assertions:
* None

p3
direction-2

pl S P2
direction-1

Figure 4-7 - Sketch of triangle

NOTE 57 — The dashed lines in the sketch illustrate the way in which the surface is (uniformly)
meshed into multiple faces by setting a number of mesh divisions for each of the parametric
directions. See subclause 4.2.11.4 on page 4-45 for its application. In Figure 4—7 the number of
mesh divisionsin the first parametric direction is set to 4, while the number of mesh divisionsin the
second parametric direction is set to 3.
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rectangle

A rectangleis aplanar rectangular primitive_bounded_surface defined by three points.

NOTE 58 — The attributes and assertions are in addition to those inherited from primitive_
bounded_surface.

Attributes:

* pl: referenceto a geometric_construction_point
* p2: referenceto a geometric_construction_point
* p3: referenceto a geometric_construction_point

The positive normal on the surface is defined by plp2 x p1p3

Thefirst parametric direction (direction-1) is defined along the [Tp2> vector,

the second parametric direction (direction-2) is defined along the [T)pS vector.
A sketch of the definition is given in the figure bel ow.

Assertions:
— —>
* Theangle between plp2 and plp3 shall be 90°

p3

direction-2

pl - > p2
direction-1

Figure 4-8 - Sketch of rectangle
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quadrilateral

A quadrilateral isaplanar primitive_bounded_surface defined by four points, with linear edges.

NOTE 59 — The attributes and assertions are in addition to those inherited from primitive_
bounded_surface.

Attributes:

* pl: referenceto a geometric_construction_point
* p2: referenceto a geometric_construction_point
* p3: referenceto a geometric_construction_point
* p4: referenceto a geometric_construction_point

The positive normal on the surface is defined by plp2 x p1p3

The first parametric direction (direction-1) is defined along pLp2 vector,

the second parametric direction (direction-2) is defined along the the @é vector.
A sketch of the definition is given in the figure bel ow.

Assertions:

* Eachinternal angle of the quadrilateral shall be smaller than 180°.

p3
4
p3 P

direction-2 p4

direction-2
p2

Figure 4-9 - Sketch of two examples of quadrilaterals
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4.29.7.5 disc

A discisaprimitive_bounded_surface, which defines a disc, ring, sector of disc or sector of ring.

NOTE 60 — The attributes and assertions are in addition to those inherited from primitive_
bounded_surface.

Attributes:

pl: referenceto a geometric_construction_point
centrepoint of the disc and first point of the axis of revolution

p2: reference to a geometric_construction_point
second point of the axis of revolution

external_diameter: length_measure
internal_diameter: length_measure

p3: reference to a geometric_construction_point to define the p1p2p3 reference plane for the
start_angle and end_angle

start_angle: plane_angle measurerelative to p1p2p3 plane, which defines the start of a sector
end_angle: plane_angle measure relative to p1p2p3 plane, which defines the end of a sector

The positive normal on the surface is defined by pr2>
Thefirst parametric direction (direction-1) is defined al ong the radius of the disc, the second parametric

direction (direction-2) is defined a ong the positive direction of revolution about the pr2> vector.
A sketch of the definition is given in the figure below.

Assertions:

O<internal_diameter < external_diameter
-360° < start_angle < 360°

-360° < end_angle < 360°

0° < end_angle —start_angle < 360°

p2

.4£end_angle

. _ pll- direction-1
internal_diameter : —>
external_diameter /i'rection-Z

start_angle
p3

Figure 4-10 - Sketch of a disc (actually a sector of aring)
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4.29.7.6 cylinder
A cylinder isaprimitive_bounded_surface, which defines a cylinder or cylinder-segment surface.
NOTE 61 —The attributes and assertions are in addition to those inherited from primitive_
bounded_surface.
Attributes:
* pl: referenceto a geometric_construction_point
centre of the base of the cylinder and first point of the axis of revolution
* p2: referenceto a geometric_construction_point
centre of the top of the cylinder and second point of the axis of revolution
¢ diameter: length_measure
* p3: reference to a geometric_construction_point to define the plp2p3 reference plane for the
start_angle and end_angle
¢ dtart_angle: plane angle measure relative to p1p2p3 plane, which defines the start of the segment
* end angle: plane_angle measure relative to plp2p3 plane, which defines the end of the segment
The positive normal on the surface is defined outwards from the cylinder or cylinder-segment.
The first parametric direction (direction-1) is defined along the pT>pZ direction, the second parametric
direction (direction-2) is defined along the positive direction of revolution about the ;sz Vector.
A sketch of the definition is given in the figure bel ow.
Assertions:
e diameter >0
* -360° < start_angle < 360°
* -360° < end_angle < 360°
¢ 0°<end angle-—start_angle < 360°
direction-1
. end_angle
N — — \
diameter \\ //;'ection_z
start_angle
p3
Figure 4-11 - Sketch of a cylinder (actually a cylinder-segment)
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429.7.7 cone

A coneisaprimitive_bounded_surface, which defines a cone or cone-segment surface.

NOTE 62 —The attributes and assertions are in addition to those inherited from primitive_
bounded_surface.

Attributes:

pl: referenceto a geometric_construction_point
centre of the base of the cone and first point of the axis of revolution

p2: referenceto a geometric_construction_point
centre of the apex of the cone and second point of the axis of revolution

base diameter: length_measure

apex_diameter: length_measure

p3: reference to a geometric_construction_point to define the p1p2p3 reference plane for the
start_angle and end_angle

start_angle: plane_angle measure relative to p1p2p3 plane, which defines the start of the segment
end_angle: plane_angle measure relative to p1p2p3 plane, which defines the end of the segment

The positive normal on the surface is defined outwards from the cylinder or cylinder-segment.

The first parametric direction (direction-1) is defined along the ;sz direction, the second parametric

direction (direction-2) is defined along the positive direction of revolution about the pr2> vector.
A sketch of the definition is given in the figure below.

Assertions:

base diameter >0

apex_diameter > 0

-360° < start_angle < 360°

-360° < end_angle < 360°

0° < end_angle —start_angle < 360°

apex_diameter
direction-1
end_angle
p1) -k
base_diameter ‘ /ection-Z
start_angle "

p3

Figure 4-12 - Sketch of a cone (actually a truncated cone-segment)
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429.7.8 sphere

A sphereisaprimitive_bounded_surface, which defines a complete or partial spherical surface.

NOTE 63 —The attributes and assertions are in addition to those inherited from primitive_
bounded_surface.

Attributes:

pl: referenceto a geometric_construction_point
centre of the sphere and first point of the axis of revolution

p2: reference to a geometric_construction_point
second point of the axis of revolution

diameter: length_measure — diameter of the sphere

base truncation: length_measure along the Fsz axis defining the base of atruncated sphere —is
set to —diameter / 2 for a complete sphere

apex_truncation: length_measure along the pr2> axis defining the apex of atruncated sphere —is
set to diameter / 2 for a complete sphere

p3: reference to a geometric_construction_point to define the p1p2p3 reference plane for the
start_angle and end_angle

start_angle: plane_angle_measure relative to p1p2p3 plane, which defines the start of the segment
end_angle: plane_angle measure relative to p1lp2p3 plane, which defines the end of the segment

The positive normal on the surface is defined outwards from the sphere or sphere-segment.

The first parametric direction (direction-1) is defined along the ;T)pz direction, the second parametric

direction (direction-2) is defined along the positive direction of revolution about the ;sz vector.
A sketch of the definition is given in the figure bel ow.

Assertions:

—diameter/2 < base_truncation < apex_truncation < diameter/2
-360° < start_angle < 360°

-360° < end_angle < 360°

0° < end_angle—start_angle < 360°

p2

apex_truncation

’éﬁd_angle o
direction-1

direction-2

—base_truncation
A 4

Figure 4-13 - Sketch of a sphere (actually a truncated sphere-segment)
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4.29.7.9 paraboloid

A paraboloid is a primitive_bounded_surface, which defines a complete or partial paraboloid
surface.

NOTE 64 —The attributes and assertions are in addition to those inherited from primitive_
bounded_surface.

Attributes:

pl: referenceto a geometric_construction_point
apex of the paraboloid and first point of the axis of revolution

p2: referenceto a geometric_construction_point
centre of the base of the paraboloid and second point of the axis of revolution

diameter: length_measure, which is the diameter of the base of the paraboloid

base truncation: Iength_meaﬂe from pl along the ;sz axis defining the base of a truncated
paraboloid — set to length of plp2 when no truncation is desired

apex_truncation: length_measure from pl along the prZ> axis defining the apex of a truncated
paraboloid — set to 0 when no truncation is desired

p3: reference to a geometric_construction_point to define the plp2p3 reference plane for the
start_angle and end_angle

start_angle: plane_angle_measure relative to p1p2p3 plane, which defines the start of the segment
end_angle: plane_angle measure relative to p1lp2p3 plane, which defines the end of the segment

The positive normal on the surface is defined outwards from the paraboloid or parabol oid-segment.

The first parametric direction (direction-1) is defined along the [TpZ direction, the second parametric

direction (direction-2) is defined along the positive direction of revolution about the pfpﬁ Vector.
A sketch of the definition is given in the figure bel ow.

Assertions:

diameter >0

0 < apex_truncation < base_truncation < length prZ>
-360° < start_angle < 360°

-360° < end_angle < 360°

0° < end_angle —start_angle < 360°
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diameter

base_truncation

direction-1

e V. ) end_angle

apex_truncationT -
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\‘start_angle/airection-z

\
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p3
Figure 4-14 - Sketch of a paraboloid (actually a truncated paraboloid-segment)
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4298 Compound bounded surfaces
42981 compound_surface shell

A compound_surface shell isaspecial kind of a bounded surface. It isanamed grouping of a number

of connected primitive_bounded_surfaces, which together form an open or a closed shell.

Attributes:

* id: identifier string

* name label string

e aurfaces: list of two or more references to primitive_bounded_surfaces and/or compound_
surface _shells

Assertions:

* Any primitive_bounded_surface in the surfaces list shall be connected to at least one other
primitive_bounded_surfacein the surfaces list through a common edge and/or vertex.

ExAMPLE 19 — In the figure below two sketches are given: for abox with 6 faces and for a tank.
The surfaces list of the box contains 6 references to rectangles;
The surfaces list of the tank contains 1 reference to acylinder and 2 references to semi-spheres.

|
) |

Figure 4-15 - Sketches of two examples of a compound_surface shell:
a box with 6 facesand a tank
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4.2.9.9 Auxiliary boolean construction surfaces
42991 boolean_construction_surface
A boolean_construction_surface is a haf space limited by an unbounded surface. It is a generic
object which specifies the attributes that are common to al auxiliary boolean construction surfaces.
Attributes:
* id: identifier string
* sense: oneitem from the enumeration { positive, negative}, which specifies the side of the surface to
be used in boolean construction operations. |f sense equals positive then the half spaceisthe portion
of space the normal of the underlying surface in any point points away from. If sense equals
negative, then the half space is the region in space towards where the normal of the underlying
surface points.
¢ placement: reference to an axis placement, which defines the location and orientation for the
surface with respect to the coordinate system of the geometric_model in which the surface is
defined
4299.2 half_space plane
A half_space plane is a type of boolean_construction_surface, which specifies a half space by
defining an infinite plane. The half space comprises all points that lie on one side of the plane.
The location of the placement is a point on the plane;
The normal on the plane is defined by the z_axis_direction of the placement.
Attributes:
* None
Assertions:
* None
Notes:
NOTE 65—The attributes and assertions are in addition to those inherited from boolean_
construction_surface.
42993 half_space cylinder
A half_space cylinder is a type of boolean_construction_surface, which specifies a half space by
defining an infinite cylindrical surface.
The location of the placement is a point on the cylinder axis;
The z_axis _direction of the placement defines the orientation of the cylinder axis;
The normal points outwards of the cylindrical surface.
Attributes:
¢ radius: length_measure, specifying the radius of the cylindrical surface
Assertions:
* None
Notes:
NOTE 66 — The attributes and assertions are in addition to those inherited from boolean
construction_surface.
42994 generalized_half_space
A generalized_half_spaceisahalf space defined by the underlying surface of aprimitive_bounded_
surface. The half space comprises al pointsthat lie on the side of the surface specified by the attribute
sense.
If sense equals positive then the side is the portion of space the normal of the underlying surfacein any
point points away from. If sense equals negative, then the half space is the region in space towards
where the normal of the underlying surface points.
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Attributes:
* hase surface: specifiesthe primitive_bounded_surface

* sense: oneitem from the enumeration { positive, negative}, which specifies the side of the surface to
be used in boolean construction operations.

Assertions:
* None
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4.2.9.10 Boolean result surfaces
A boolean result surface is a complex surface that results from the execution of one of the boolean
construction operations on two operand surfaces. The possible boolean construction operations are:
* union — the resulting surface comprises the combination of the two operand surfaces,
* intersection —the resulting surface comprises the common parts of the two operand surfaces;
¢ (difference — the resulting surface comprises the first operand surface minus its intersection with the
boolean construction solid defined by the second operand surface.
Assertions:
In this protocol only the difference operation shall be supported.
NOTE 67 — The difference operation is also often called ‘ cut’ operation.
429.10.1 boolean result_surface
A boolean_result_surface is a genera object that captures the data that is common to all boolean
result surfaces, which are bounded surfaces.
Attributes:
* id: identifier string
¢ placement: OPTIONAL referenceto an axis_placement, that specifies a displacement to be applied
to the result of the boolean operation. The displacement is defined as the transformation which
maps the coordinate system of the geometric model containing the boolean_result_surface onto
placement.
4.29.10.2 boolean_difference surface
A boolean_difference surface is a boolean_result_surface that is formed by a boolean difference
operation between one surface and another surface.
Attributes:
¢ first_operand: reference to a primitive_bounded_surface, a compound_bounded_surface or a
boolean_difference surface
* second_operand: reference to aboolean_construction_surface or ageneralized_half_space.
Assertions:
* None
Notes:
NOTE 68 — The attributes and assertions are in addition to those inherited from boolean_result_
surface.
NOTE 69 — The boolean difference operation is defined as follows:
A boolean construction solid is defined through the second_operand and its sense attribute;
Theintersection is computed between the first_operand and the boolean construction solid;
The resulting boolean_difference_surface is the first_operand surface minus the part(s) that
intersect with the boolean construction solid;
The placement shall be effectuated on the evaluated surface resulting from the boolean operation.
Examples:
ExampLE 20 —A typical exampleisahole cut in arectangle with a cylinder
4.2.10 kinematic_model UoF
NOTE 70 — The terminology and concepts used in this UoF are as close as possible to [STEP-105].
4.2.10.1 kinematic_ model
A kinematic_model is a model that defines the kinematic structure and capabilities of a product
represented by ageometric_model.
The basic entities in a kinematic model are the kinematic link, the kinematic joint and the
kinematic_pair. The kinematic_link specifies the existence of a rigid body, while the kinematic_
joint specifiesthe possibility of relative motion between two rigid bodies. Together a set of kinematic
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links and kinematic_joints establish the topology of a kinematic chain. A kinematic_pair specifies

for aparticular kinematic_joint how its motion is constrained, e.g. that it has one rotational degree of

freedom and that it has given lower and upper limits on its allowable angle of rotation.

In this protocol a kinematic_model can not exist without an associated geometric_ model. The

topology of the kinematic_model islimited to open kinematic chains—i.e. its graph representationisa

single oriented tree, which starts at some kinematic base and progresses through a number of kinematic

links and joints to the last link(s) in the chain. In other words, no kinematic networks or loops are

allowed. Furthermore the structure of the kinematic chain shall agree with the model/submodel tree of

the associated geometric_model, which means that:

¢ the shape representations of all kinematic_links in one kinematic_model shall refer to the root
geometric_model or to one of its geometric_submodel _usages

¢ kinematic joints are only possible between kinematic_links whose shape representations are
related viageometric_submodel _usages — within one geometric model/submodel tree.

Attributes:

* id: identifier

* name label

® description: text

* joints: set of one or more references to kinematic_joints

* hase reference to a kinematic_link which specifies the kinematic base (see subclause 3.5.2 on
page 3-3) of thekinematic_model —thisis a derived attribute which referencesthe kinematic_link
whose shape representation references the root geometric_model

Assertions:

* The shape representations of all kinematic links referred to in joints shall belong to one
geometric model/submodel tree (as specified by a number of geometric_models and geometric
submodel_usages)

* Eachjoints shal refer to aunique pair of kinematic_links—i.e. no more than one kinematic_joint
can exist between two kinematic_links

* |nthe set of al kinematic_links associated to the joints, one and only one kinematic_link shall
reference through its shape representation attribute the root geometric_ model of the geometric
model/submodel tree

Notes:

WORKING NOTE 6 — This kinematic_model maps well to the [STEP-105] entities mechanism and
kinematic_structure.

Examples:

ExAMPLE 21 — In the figure below the main concepts for a kinematic model are illustrated for a
typical spacecraft configuration.
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+Y panel 2 O main body
+Y panel 1
\_/ -Y shatft +Y shaft
+Y yoke
+Y shaft
-Y yoke +Y yoke

+Y | main body

-Y panel 1 +Y panel 1
tZ / \ W -Y shaft
P A
-Y panel 2 +Y panel 2
-Y panel 1
O is a kinematic_link
-Y panel 2 — isakinematic_joint
(a) Schematic shape model of a typical (b) The corresponding kinematic_model
communications satellite with two fully presented as a topological graph

deployed solar array wings

Figure 4-16 - Illustration of a kinematic model for atypical spacecraft configuration

4.2.10.2 kinematic_link
A kinematic _link is a specification of the topologic aspects of arigid body part in a kinematic chain,
whose motion is constrained by one or more kinematic joints. The shape representation of a
kinematic_link shall be defined by a geometric_model or ageometric_submodel_usage.
Attributes:
¢ shape_representation: reference to a geometric_model, which defines only the shape of the link,
not its position nor its orientation
¢ associated product: reference to a product_definition or a product_next_higher_assembly
usage relationship.
If aproduct_definition is referenced, it shall be the root of the product assenbly tree —i.e. it shall
not be referred to in any product_next_higher _assembly usage relationship as a constituent.
Elseif aproduct_next_higher_assembly usage relationship isreferenced, the link is associated
with the constituent.
Assertions:
¢ |f the shape representation references ageometric_model it shall be the root geometric_model
Notes:
NOTE 71 — In this protocol all geometric_models (and therefore all geometric_submodel_usages)
are considered to represent rigid bodies.
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4.2.10.3

4.2.10.4

4.2.105

4.2.10.6

kinematic_joint

A kinematic joint is a specification of the possibility of kinematic articulation between two and only
two kinematic_links.

Attributes:

¢ first_link: referenceto akinematic_link

¢ second_link: reference to akinematic_link

Assertions:

¢ Thefirst_link and the second_link shall not refer to the same kinematic_link

* The associated_product of the first_link shall refer to a product_definition which is the top
product_definition in a product assembly tree or to a product_next_higher _assembly usage
relationship which is part of the product assembly tree.

* The associated product of the second_link shall refer to a product_next_higher _assembly
usage relationship which is part of the product assembly tree of which the associated product of
thefirst_linkisalso apart.

kinematic_pair

A kinematic_pair is a specification of the kinematic restrictions of akinematic_joint. It is a generic
object that will not be instantiated itself, but provides a common mechanism for reference.

Attributes:

* id: identifier string

¢ joint; referenceto akinematic_joint

Assertions:

¢ There shall be amaximum of one kinematic_pair for one kinematic_joint

Notes:

NOTE 72 —A kinematic_pair overrides any static positioning and orientation that may have been
specified — through the axis placement attribute of a geometric_submodel_usage — for a
geometric_model that is associated with akinematic _link.

kinematic_pair_value
A kinematic_pair_value is a specification of a kinematic configuration of a kinematic_pair. It is a
generic object that will not be instantiated itself, but provides a common mechanism for reference.

Attributes:
e applies to_pair: reference to akinematic_pair

revolute kinematic_pair

A revolute kinematic_pair isakinematic_pair with one rotational degree of freedom.
Attributes:

* rotation axis: referenceto an axis_placement, specifying the axis of rotation for the second_linkin
the coordinate system of thefirst_link of the joint. The axis of rotation isaong the z axis direction
of theaxis_placement and itsx_axis_direction defines the reference plane for the 0° rotation angle.

e Jower_limit_actual_rotation: OPTIONAL plane angle measure, which specifies the smallest
allowable rotation angle

e upper_limit_actual_rotation: OPTIONAL plane _angle measure, which specifies the largest
allowable rotation angle

Assertions:

* lower_limit_actual_rotation < upper_limit_actual_rotation, when both are defined

Notes:
NOTE 73 — The attributes and assertions are in addition to those inherited from kinematic_pair.
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4.2.10.7 explicit_revolute kinematic_pair_value
An explicit_revolute kinematic_pair_value is a kinematic_pair_value that specifies explicitly the
actual rotation angle of arevolute_kinematic_pair.
Attributes:
¢ actual_rotation: plane_angle_measure, specifying the actual angle
Assertions:
e applies to pair shal reference arevolute kinematic_pair
e |If upper_limit_actual_rotation of applies to_pair is defined, then actual_rotation < upper_limit_
actual_rotation
e |f lower_limit_actual_rotation of applies to pair is defined, then actual_rotation = lower_limit_
actual_rotation
Notes:
NOTE 74 — The attributes and assertions are in addition to those inherited from kinematic_pair_
value.
4.2.10.8 implicit_revolute kinematic_pair_value
An implicit_revolute _kinematic_pair_value is a kinematic_pair_value that specifies the actual
angle of arevolute_kinematic_pair through the specification of a pointing direction for a given axis of
thesecond_link of the kinematic_joint that is associated with the implicit_revolute kinematic_pair_
value.
Attributes:
* pointing: reference to a pointing_in_space, which specifies a direction in space that a given axis
(the pointer of the pointing_in_space) of the second_link shall be pointed to
¢ may_modify pointing_of first_link: a boolean flag, indicating whether or not the pointing of the
rigid body represented by thefirst_link of the kinematic_joint (that is associated with the implicit_
revolute_kinematic_pair_value) may be modified within its kinematic constraints in order to
achieve the best possible pointing for the second_link
Assertions:
e applies to pair shall reference arevolute kinematic_pair
* Thedirection of the submodel_pointer shall not coincide with the direction of the rotation_axis of
the applies to_pair
Notes:
NOTE 75 — The attributes and assertions are in addition to those inherited from kinematic_pair_
value.
NOTE 76 — The receiving software is responsible for computing the rotation angle at which a best
pointing of the second_link is achieved, while meeting the restrictions defined for the pair.
NOTE 77 — Setting may_modify_pointing_of first_link true only makes sense when the first_link
itself has at least one rotational degree of freedom.
WORKING NOTE 7 —may_modify pointing_of first link corresponds to the PARENT=YES or NO
attribute of the POINT statement in ESABASE’S $KINEMATIC section, see [ESABASE-RM].
Examples:
EXAMPLE 22 —A typical example in space applications is the kinematic system of a three-axes
stabilised earth-pointing spacecraft and its rotating solar panels that track the sun (cf. a
telecommunications satellite in a geostationary orbit).
ExampLE 23 —An example of the application of may_modify_pointing_of first_link (set TRUE) is
a spacecraft with a telescope and solar panels which can rotate perpendicular to the telescope’s
main axis (cf. the Hubble Space Telescope). The telescope would be pointed towards a star of
interest, leaving free one rotational degree of freedom of the main body. An optimal combination of
rotations about the telescope’s main axis and about the solar panels rotation axis can then be
computed to receive maximum solar input on the panels.
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4.2.10.9

4.2.10.10

4.2.11
42111

ExAMPLE 24 — Another typical examplein space applicationsisthe kinematic system of alow earth
orbit spacecraft and its data relay antenna, which is suspended in a gimbal. The antenna tracks a
geostationary relay satellite. The gimbal mechanism would be modelled by two implicit_revolute
kinematic_motions and an intermediate submodel (through ageometric_submodel _usage).

prismatic_kinematic_pair

A prismatic_kinematic_pair is a kinematic_pair with one translational (or: dliding) degree of

freedom.

Attributes:

¢ dliding_axis. reference to an axis placement, specifying the axis along which trandation is
possible for the second _link in the coordinate system of the first_link of the joint. The positive
tranglation direction is along the placement’s z_axis direction and its XY-plane defines the zero
dliding distance.

* lower_limit_actual_translation: OPTIONAL length_measure, which specifies the smallest
allowable diding distance, which may have a negative value

e upper_limit_actual_trandation. OPTIONAL length_measure, which specifies the largest
allowable diding distance, which may have a negative value

Assertions:

* Jower_limit_actual_translation < upper_limit_actual _translation, when both are defined

Notes:
NOTE 78 — The attributes and assertions are in addition to those inherited from kinematic_pair.

prismatic_kinematic_pair_value

An prismatic_kinematic_pair_value is a kinematic_pair_value specifying explicitly the diding

distance for aprismatic_kinematic_pair_value.

Attributes:

e actual_trandation: length_measure, specifying the actual trandation along the dliding_axis of the
prismatic_kinematic_pair referenced in applies to_pair

Assertions:

e applies to_pair shal reference aprismatic_kinematic_pair

e |f upper_limit_actual_trandation of applies to pair is defined, then actual_trandation < upper_
limit_actual_trandation

* If lower_limit_actual_translation of applies to_pair is defined, then actual_translation = lower_
limit_actual_translation

Notes:

NOTE 79 — The attributes and assertions are in addition to those inherited from kinematic_pair_
value.

thermal_radiative_model UoF
basic thermal radiative modéel

A basic thermal radiative model is a type of network_maodel, specifying a model representation
with oriented sets of thermal-radiative faces for the purpose of thermal-radiative analysis. The faces are
associated with bounded surfacesin ageometric_model.
Attributes:
* None
Assertions:
¢ All constituents shall be thermal_radiative face sets
Notes:
NOTE 80 — The attributes and assertions are in addition to those inherited from networ k_model.
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4.2.11.2

4.2.11.3

thermal_radiative face set

A thermal radiative face set is a type of network node, specifying a connected set of
thermal -radiative faces defined on one side of a bounded surface.

Attributes:
* surface: reference to aprimitive_bounded_surface
¢ active_side: one item from the enumeration { none, positive, negative}

¢ assigned material: OPTIONAL reference to a material which is assigned to the thermal _
radiative face set for thermal-radiative analysis purposes

¢ notional_thickness: OPTIONAL length_measure, which specifies anotional thickness that may be
used to derive a‘ pseudo-solid’ object for analysis purposes. The referenced surface acts as a neutral
fibre (or: neutroid) surface for the ‘ pseudo-solid’. The boundaries of the ‘ pseudo-solid’ are defined
asfollows:

- one bounded surface at the positive side of the nominal surface, at an offset of half the notional _
thickness in the direction of the local surface-normal;

- one bounded surface at the negative side, similarly offset as above;

- the surfaces which are formed by the edges of the two offset surfaces and — where applicable —
the edges between the corresponding corner vertices of the offset surfaces at the positive and
negative sides.

Notes:

NOTE 81 — The attributes and assertions are in addition to those inherited from networ k_node.

NOTE 82 —The positive side of each kind of primitive bounded surface is specified in its

definition in subclause 4.2.9.7 on page 4-25.

NOTE 83 —active _side equals “none” denotes that athermal_radiative face set does not emit (or

reflect) thermal radiation, but it is present as a shade in the thermal-radiative model, with an

artificial absorptance of 1 for all thermal radiation.

NOTE 84 — There are two ways in which material properties can be associated with a thermal_

radiative face set.

- The first way is through a material_product_relation and a model_represents product_
relationship for the thermal_radiative face set of interest. The two relationships establish a
material with associated properties for the thermal_radiative face set.

- The second way is through the assigned material attribute, which overrides any possible
existing association described as the first way. This second possibility is defined to allow for the
cases where the product definition breakdown is not (yet) sufficiently detailed.

It is expected that for such an associated material at least the first two — but often all — of the

following thermo-optical properties are specified:

- solar absorptance

- infrarred emittance

- solar and infra-red transmittance

- solar and infra-red diffuse_transmittance

- gpecular_reflection _ratio

- diffuse_specularity ratio

meshed_thermal_radiative_model
A meshed_thermal_radiative model is a type of network_model, which specifies the thermal

meshes for thethermal_radiative face setsof abasic thermal_radiative_model.

Effectively, it contains the definition of thermal-radiative faces and their aggregation mapping to
thermal_lumped_parameter _nodes.

Attributes:
* None

Assertions:
¢ All constituents shall be thermal_radiative_meshings
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4.2.11.4

e Allthermal_radiative face set instances referenced in the face_set of the constituents (which are
thermal_radiative_meshings) shall belong to one basic thermal_radiative_model instance.

Notes:
NOTE 85 — The attributes and assertions are in addition to those inherited from network_model.

thermal_radiative_meshing

A thermal_radiative_meshing is atype of networ k_node which specifies the meshing of athermal_
radiative face set into thermal-radiative faces and assigns therma node identifiers to the
thermal-radiative faces. Through this mechanism an aggregation mapping from thermal -radiative faces
to thermal lumped parameter nodes (viathe id of thermal_lumped_parameter _nodes) is specified. It
is ageneric object that will not be instantiated itself, but defines the attributes and assertions common
to all thermal_radiative_meshings and provides a common mechanism for reference.

Attributes:

e face set: referenceto athermal_radiative face set

* meshings_1: integer = 1, the number of mesh divisions along the first iso-parametric direction

* meshings_2: integer = 1, the number of mesh divisions along the second iso-parametric direction

* numbering_option: one item from the enumeration { DIRECTION_1 FIRST, DIRECTION_2_FIRST}

e grid _spacings: OPTIONAL list of coordinates in iso-parametric space, specifying the (possibly
non-uniform) spacing of the meshing grid in both iso-parametric directions. The list isformed by a
sequence of meshings 1+1 strictly increasing real numbers between 0 and 1 to specify the grid
spacing in the first iso-parametric direction, followed by a sequence of meshings 2+1 strictly
increasing real numbers between 0 and 1 to specify the grid spacing in the second iso-parametric
direction.

Assertions:
e If grid_spacingsis defined,
the list shall have (meshings_1+1+meshings_2+1) elements,
all elements shall haveavalue=0and < 1,
element [1] shall be 0,
element[meshings 1] shall be 1,
element[meshings_1+1] shall be0,
element[meshings_1+1+meshings 2+1] shall be 1,
elements[1] to [meshings_1] shall have strictly increasing values,
elements [meshings_1+1] to [meshings_1+1+meshings 2+1] shall have strictly increasing values

Notes:
NOTE 86 — The attributes and assertions are in addition to those inherited from networ k_node.

NOTE 87 — Effectively meshings 1 ¢ meshings 2 thermal-radiative faces are designated for face
Set.

NOTE 88 — For numbering_option, DIRECTION_1 FIRST meansfirst specify theid’s of thermal nodes
along the first iso-parametric direction and then along the second iso-parametric direction;
DIRECTION_2 FIRST means first increment the id's of thermal nodes along the second iso-parametric
direction and then along the first iso-parametric direction

NoTE 89 —If grid_spacings is left undefined, uniform meshing isimplied, in the way asillustrated
in the typical meshings drawn in the figures in subclause 4.2.9.7 “Primitive bounded surfaces’. A
uniform meshing is constructed by dividing the edge(s) in the first iso-parametric direction in
meshings 1 equidistant divisions and the edge(s) in the second iso-parametric direction in
meshings 2 equidistant divisions, thereby defining meshings 1 meshings 2 faces which are
topologically triangular or rectangular (i.e. they correspond to atriangle or rectangle in parametric
space — for a more detailed description, see also [STEP-42], subclause 4.4.70 on rectangular_
composite_surface).
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4.2.11.5 thermal_radiative_meshing_with_incremental_node list
A thermal_radiative_meshing_with_incremental_node list is a thermal_radiative meshing,
specifying a list of target thermal lumped parameter node-id’s by a first node-id and an incremental
value. Thetarget list specifies the thermal lumped parameter node-id’s to which results for the facesin
the face_set are to be aggregated.
Attributes:
¢ first_thermal_node id: OPTIONAL positive integer specifying the identifier for the thermal
lumped parameter node to which thermal-radiative analysis results for the first face in the face set
are to be mapped
¢ thermal_node id_increment: positive integer specifying the increment that shall be used to
construct alist of identifiers for thermal lumped parameter nodesfor all (meshings_1 « meshings 2)
facesin the face set
Notes:
NoTE 90 — The attributes and assertions are in addition to those inherited from thermal_radiative
meshing.
NoTE 91 — Typically thermal lumped parameter node-id’s fall in the range 1 to 99999 inclusive.
NoTE 92 — If thefirst_thermal_node id isleft undefined, then the actually assigned node identifiers
for the facesin the face set is determined by the receiving postprocessor
4.2.11.6 thermal_radiative_meshing_with_full_node list
A thermal_radiative_meshing_with_full_node list is a thermal_radiative_meshing, specifying a
list of target thermal lumped parameter node-id’s by an explicit, full list of node-id’s for all meshed
faces in a thermal_radiative face set. The target list specifies the thermal lumped parameter
node-id's to which results for the faces in the face_set are to be aggregated.
Attributes:
¢ thermal_node ids: list of positive integers denoting the thermal lumped parameter node-id’s to
which thermal-radiative analysis results for the faces in the face set are to be mapped. The same
node-id may be specified more than once.
Assertions:
¢ Thethermal_node idslist must have meshings 1« meshings 2 elements, i.e. oneidentifier for each
meshed face in the face_set
Notes:
NOTE 93 — The attributes and assertions are in addition to those inherited from thermal_radiative_
meshing.
4.2.11.7 enclosure
An enclosure is a named grouping of thermal_radiative face set objects for the purpose of efficient
thermal-radiative computations. The thermal-radiative faces in one enclosure can not exchange heat
through thermal radiation with faces in another enclosure.
Attributes:
e of model: referenceto abasic_thermal_radiative_ model, for which the enclosure is specified
* id: identifier string
* name label string
¢ face sats: list of referencesto thermal_radiative face set objects belonging to the enclosure
Assertions:
¢ The combination of model and id shall be unique in the exchange dataset
e All face sets belong to the basic_thermal_radiative model specified in of_model and its
submodels
4.2.12 thermal _lumped_parameter_model UoF
WORKING NOTE 8 — Thisitem isidentified for afuture version and not in scope for the AIM.
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4.2.13

4.2.14
4.2.14.1

4.2.15
4.2.15.1

4.2.15.2

WORKING NOTE 9—A thermal_lumped_parameter_model can be fully represented in a
[STEP-NRF-AP] network_model, containing the following constituents:

- network_nodeswith class“t her nal _| unped_par anet er _node”;

- network_node relationships with class “radiative_exchange_factor”, “thermal _

radi ati ve_coupling”, “t hermal _conduct or” or “mass_fl ow | ink”.

thermal_finite_element_model UoF
WORKING NOTE 10 — Thisitem isidentified for afuture version and not in scope for the AIM.

WORKING NOTE 11 —A thermal_finite_element_model can be represented by a[STEP-NRF-AP)
network_model.

visual_presentation UoF
colour_rgb

A colour_rgb isaspecification of a colour definition in terms of its red, green and blue (RGB) primary
congtituents, as defined in [STEP-46]. In this protocoal it is only used to convey colour definitions for
presentation purposes, i.e. colour as an informational tag, not as a property of a product part.
Attributes:

¢ red: fraction red constituent

¢ green: fraction green constituent

¢ blue: fraction blue constituent

Assertions:

e O<red=<1

* O<green<l

e O<blue<1l

material_properties UoF
material

A material is a simple specification of a material for use in analysis models. A specific surface

treatment may be specified.

Attributes:

* id: identifier string

* name: label string, denoting the generic name of the materia — e.g. “Aluminium”

¢ designation: OPTIONAL label string, denoting the material designation — e.g. “5056"

¢ gurface treatment: OPTIONAL label string, denoting possible treatment of the material’s surface —
e.g. “polished”

e description: OPTIONAL text, giving a description of the material

Assertions:

* Theid shal be unique in the exchange dataset

Examples:

ExAMPLE 25 —Machined aluminium 3036 and polished aluminium 5056 are materials, with
different surface_treatment and designation .

product_material_relationship

A product_material_relationship is a specification of the materials that a product is made of. This
can be used to associate material properties with a product.

Attributes:

¢ of product: reference to aproduct_definition

* bulk_material: reference to amaterial, specifying the substance or substances of which the bulk of
the product is made
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¢ surface material: OPTIONAL reference to a material, specifying the substance or substances of
which the outer surface of the product is made

Assertions:
¢ There shall be no more than one product_material_relationship per product_definition

4.2.15.3 material_property
A material_property is a specification of avaued property for a particular material in a particular
material_property_environment.
Attributes:
e of material: referenceto amaterial
* in_environment: referenceto amaterial_property_environment
e property value: reference to a function_valued property or a string valued property or a
number_valued_property. It specifies the value of the property within in_environment.
Assertions:
* theato caseindirectly referred to through property shal be the space mission_case referred to by
in_environment.
4.2.15.4 material_property_environment
A material_property_environment is a space mission_aspect that captures a consistent set of
environmental conditions which are relevant to material properties.
Attributes:
* None
Assertions:
* None
Notes:
NOTE 94 — The attributes and assertions are only those inherited from space_mission_aspect.
WORKING NOTE 12 — The concept is a dightly descoped version of data_environment as defined
in[STEP-45].
Examples:
ExAMPLE 26 —“Beginning of Life", “After 5000 Equivalent Sun Hours’, “End of Life",
“Uncontaminated” are al examples for the name of a material_property_environment in a
thermal engineering context.
4.2.155 commercial_aspects of material
A commercial_aspects of_material isa specification of commercial information about amaterial.
Attributes:
e of material: referenceto amaterial
e commercial_name: label string, specifying the commercial name under which the material is known
¢ supplier: reference to an organisation, which isthe supplier of the material
4.2.16 additional_physical _quantities and_measures UoF
All quantities and measures as defined in [STEP-NRF-AP] and [STEP-41] are applicable.
In addition the following shall be supported.
4.2.16.1 derived_unit
A derived_unit is an expression of units. With aderived_unit a particular combination of units can be
specified.
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4.2.16.2

4.2.16.3

4.2.16.4

4.2.16.5

EXAMPLE 27 —Watt per square meter (W/mz) isaderived_unit that could be used to express the
values of a thermal-radiative flux measure. In basic Sl units this could also be expressed as

kilogram per second cubed (kg/s®) which is equivalent to W/m?, but for human interpretation W/m?
makes much more sense and should be conserved in an exchange dataset.

conver sion_unit

A conversion_unit is a unit based on a multiplication factor with a measure expressed in another unit
and possibly the addition of an offset expressed in the conversion unit itself.

Attributes:

* name: label string

* factor: measure with_unit

¢ offset: measure with_unit

Assertions:

* None

Examples:

ExAMPLE 28 — The conversion_unit for “inch” could have “Inch” as its name, 0.0254 meter as its
factor and 0. meter asits offset.

EXAMPLE 29 — The conversion_unit for “Degree Fahrenheit” could have “degree_Fahrenheit” as
its name, 9/5 degree_Celsius asits factor and 32 degree_Celsius as its offset.

function_valued_property

A function_valued _property is the definition of the value of a property class scalar_functional in

the context of a property class usage. The value is specified as an index in the list of the

parameterized_functionsthat are applicable for this property_class usage.

Attributes:

¢ valued property: reference the property class usage which isvalued;

¢ value: index of a parameterized function chosen in the list of the functions applicable for valued
property.

Assertions:

¢ valued property.property shall refer to aproperty class scalar_functional;

¢ there shall be exactly one list_of_functions such its attribute applicable for containsvalued
property inits set of values and such valueisin the index range of the list.

string_valued_property

A string_valued_property is the definition of the value of a property class scalar_descriptive in

the context of aproperty class usage. The value is specified as an index in the list of the strings that

are applicable for this property class usage.

Attributes:

¢ valued property: reference the property class usage which isvalued;

¢ value: index of an element of the list of the strings applicable for valued property.

Assertions:

¢ valued property.property shall refer to aproperty class scalar_descriptive;

¢ there shall be exactly one list_of descriptive values such its attribute applicable for
containsvalued property in its set of values and such value isin the index range of the list.

number_valued_property

A number_valued_property is the specification of the value of a property class scalar
quantitative in the context of aproperty_class usage.

Attributes:
¢ valued property: reference the property_class usage which isvalued;
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¢ valuee NUMBER that specifies the value of the property.
Assertions:
¢ valued property.property shall refer to aproperty_class scalar_quantitative;

4.3 Application Assertions
NOTE 95 — Assertions which pertain directly to one application object are stated with its definition
in clause 4.2.

Global assertionsin addition to those specified in subclause 4.3 of [STEP-NRF-AP] are:

1) A kinematic_model can not be instantiated without a geometric_model.

2) A basic_thermal_radiative_model can not be instantiated without a geometric_model.

3) An meshed_thermal_radiative model can not be instantiated without a basic_thermal_
radiative_model.

4) A primitive_bounded_surface shall be referenced by a maximum of two thermal_radiative
face sets per basic_thermal_radiative_model. If there are two thermal_radiative face sets,
then their active side attributes shall be one of the following combinations: (none, none), (none,
positive), (none, negative) and (negative, positive).

5) For agiven material, there shall be at least one product_material_relationship that refersto it as
bulk_material or surface_material.
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Clause 5 - Application Interpreted Model

51 Mapping Table

This clause contains the mapping table that shows how each application object defined in clause 4.2 of
this Part maps to one or several AIM resource constructs (see subclause 5.2 “AIM EXPRESS short
listing™).

The mapping is not provided in the tabular format required by [STEP-AP-Guide], but in the simpler
serial format presented below. This was done to improve the efficiency of the mapping activity, while
keeping exactly the same information. The mapping is formatted as follows:

For each application object:

ARM_OBJECT <application_object_name>

IS MAPPED TO

<aim_element> USED_FROM <resource_schema>
[WITH_RULES <rule_number>[,<rule_number>...]]
WITH_REFERENCE_PATH

<reference_path>

And then for each attribute of the application object:

ATTRIBUTE <application_object_attribute name>
IS MAPPED_TO

<aim_element> USED_FROM <resource _schema>
WITH_REFERENCE_PATH

<reference_path>

The different elements are explained as follows:

The <application_object hame> is the name of an application element as it appears in the
application object definition in subclause 4.2. Attribute names are listed after the application object
to which they belong.

The <aim_element> isthe name of an AIM element as it appears in the AIM (subclause 5.2), or the
term ‘IDENTICAL MAPPING' or the term ‘PATH’. AIM entities are written in lower case.
Attribute names are referred to as <entity _name>.<attribute_name>. The mapping of an application
element may result in several related AIM elements. Each of these AIM elements will require aline
of its own in the reference path section. The term ‘IDENTICAL MAPPING’ indicates that both
application objects of an application assertion map to the same AIM element. The term ‘PATH’
indicates that the application assertion maps to the entire reference path.

The USED_FROM <resource_schema> gives, for those AIM elements that are interpreted from the
integrated resources, the number of the corresponding Part of 1SO 10303. For those AIM elements
that are incorporated from an application interpreted construct (AlIC), thisis the AIC identifier, as
defined below.

For those AIM elements that are created for the purpose of this AP, this is the acronym of the
Space-domain Integrated Resources or thisAP —i.e. “SIR” and “TAS’ respectively.

Where applicable, in the WITH_RULES <rule_number>[,<rule_number>...] contruct, one or
several numbers may be given which refer to rules that apply to the current AIM element. For rules
that are derived from relationships between application objects, the same rule is referred to by the
mapping entries of all the involved AIM elements. The expanded names of the rules are listed after
all mapping clauses.

TheWITH_REFERENCE_PATH <reference path> construct is used to describe fully the mapping
of an ARM element. It may be necessary to specify a reference path through several related AIM
elements. A single AIM element is documented on a single line with a symbol which defines its
relationship to the AIM element on the succeeding row in the column. The reference path column
documentsthe role of an AIM element relative to the AIM element in the line succeeding it. Two or
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5.1.1
5111

5112

more such related AIM elements define the interpretation of the Integrated Resources that satisfies
the requirement specified by the application object. The reference path construct may be omitted
when the path is trivial.

For each AIM element that has been created for use within this Part, a reference path up to its
supertype from an integrated resource is specified.

For the expression of reference paths and the relationships between AIM elements, the following
notational conventions apply:

- attribute references an ENTITY or SELECT type given in the following row;

<— attributeisan ENTITY or SELECT type referenced by the attribute in the following row;
=> entity isa SUPERTY PE of the entity given in the following row;

<= entity isa SUBTY PE of the entity given in the following row;

= the type of the attribute is constrained to one of the types of the parent SELECT type, or, the
value of the attribute is constrained to one specified string or to one specified choicein an

ENUMERATION;
1 all the enclosed sections in the reference path are required to satisfy an information requirement;
0 one of the enclosed sectionsin the reference path is required to map an information requirement;
<> at least one of the enclosed sections of the reference path are required to map the information
requirement;
{} enclosed section constrains the reference path to satisfy an information requirement;

| only the enclosed entity, and not its subtypes, may be instantiated;

* any number of the relationship entity preceding the asterisk may be instantiated
[ attribute is an aggregation of which a single member is constrained;
[n] attribute is an aggregation of which member n is constrained;

Notes:

NOTE 96 — The acronym NO MAPPING in the following tables means no resource has been found
to map the application requirement,

NOTE 97 — Readers are reminded that the reference path gives only a summary of the entities to be
instantiated to cover the requirement defined by an application object. It does not explicitate
computations which may be needed to translate an attribute defined in the ARM into attributes of

entities defined in the AIM.

Mapping Table - product_structure UoF

ARM_OBJECT product

IS MAPPED_TO
product USED_FROM 41
WITH_RULES 18

ARM_OBJECT product_context

IS MAPPED_TO
product_context USED_FROM 41
WITH_RULES 10

ATTRIBUTE name

IS MAPPED_TO
application_context_element.name USED_FROM 41
WITH_REFERENCE_PATH
product_context<=application_context_element
application_context_element.name

52
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5113

5114

5115

5116

ATTRIBUTE discipline type
IS MAPPED_TO
product_context.discipline_type USED_FROM 41

ARM_OBJECT product_definition

IS MAPPED_TO
product_definition USED_FROM 41
WITH_RULES 17

ARM_OBJECT product_definition_context

IS MAPPED_TO
product_definition_context USED_FROM 41
WITH_RULES9

ARM_OBJECT product_next_assembly_usage relationship

IS MAPPED_TO
next_assembly usage occurence USED_FROM 44
WITH_RULES 12

ATTRIBUTE id

IS MAPPED_TO

product_definition_relationship.id USED_FROM 41
WITH_REFERENCE_PATH

next_assembly_usage_occurence <= assembly_component_usage
assembly_component_usage <= product_definition_usage
product_definition_usage <= product_definition_relationship
product_definition_relationship.id

product_next_assembly usage relationship to product_definition (as assembly)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

next_assembly_usage occurence <= assembly _component_usage
assembly_component_usage <= product_definition_usage

product_definition_usage <= product_definition_relationship
product_definition_relationship.relating_product_definition -> product_definition

product_next_assembly usage relationship to product_definition (as constituent)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

next_assembly_usage_occurence <= assembly_component_usage

assembly_component_usage <= product_definition_usage

product_definition_usage <= product_definition_relationship
product_definition_relationship.related product_definition -> product_definition

ARM_OBJECT product_version

IS MAPPED_TO
SIR_product_version USED_FROM SIR
WITH_RULES 13

ATTRIBUTE id

IS MAPPED_TO

product_definition_formation.id USED_FROM 41
WITH_REFERENCE_PATH

SIR_product_version <= product_definition_formation
product_definition_formation.id

ATTRIBUTE description

IS MAPPED_TO

product_definition_formation.description USED_FROM 41
WITH_REFERENCE_PATH
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SIR_product_version <= product_definition_formation
product_definition_formation.description

product_version to product (asof_product)

IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_product_version <= product_definition_formation
product_definition_formation.of_product -> product

product_version to product_definition (as definitions)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_product_version <= product_definition_formation
product_definition_formation <- product_definition.formation

512 Mapping Table - network_model_representation UoF

5121 ARM_OBJECT model_represents product_relationship

IS MAPPED_TO
TAS_model_product_relationship USED_FROM TAS
WITH_RULES 17

model_represents product_relationship to network_model (as model_constituent)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

TAS model_product_relationship <= property_definition_representation
property_definition_representation.used_representation -> representation

representation => SIR_model

model_represents product_relationship to network_model_constituent (as model_constituent)
#1 if the constituent is a network_node

#2 if the constituent is a network_node_relationship

#3 if the constituent is a submodel_usage

IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

TAS model_product_relationship <= property_definition_representation
property_definition_representation.used_representation -> representation
representation.items[1] -> network_model_constituent

#1 (network_model_constituent = SIR_network_node)

#2 (network_model_constituent = SIR_network_node_relationship)

#3 (network_model_constituent = SIR_submodel_usage)

model_represents product_relationship to product_definition (asrepresented_product)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

property_definition_representation.definition -> property_definition

{ property_definition.description = "shape description for space mission case'}
property_definition.definition = characterized_definition
(characterized_definition = characterized_product_definition
characterized_product_definition = product_definition)
(characterized_definition = shape_definition

(shape_definition = product_definition_shape)

(shape_definition = shape_aspect))

5122 ARM_OBJECT network_model

IS MAPPED_TO
SIR_model USED_FROM SIR
WITH_RULES11, 3,17
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ATTRIBUTE id
IS MAPPED_TO
SIR_model.id USED_FROM SIR

ATTRIBUTE version _id
IS MAPPED TO
SIR_model.version_id USED_FROM SIR

ATTRIBUTE name

IS MAPPED_TO
representation.name USED_FROM 43
WITH_REFERENCE_PATH
SIR_model <= representation
representation.name

ATTRIBUTE description
IS MAPPED_TO
SIR_model.description USED_FROM SIR

network_model to security_classification_level (as security_class)

IS MAPPED_TO

PATH

WITH_RULES 36

WITH_REFERENCE_PATH

SIR_model = security_classified_item

security_classified_item <- NRF_security_assignment.itemq]i]

NRF_security_assignment <= security_classification_assignment
security_classification_assignment.assigned_security _classification -> security _classification
security_classification.security level -> security_classification_level

network_model to network_model _constituent (as constituents)
#1 if the constituent is a network_node

#2 if the constituent is a network_node_relationship

#3 if the constituent is a submodel_usage

IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_model <= representation

representation.itemg[i] -> network_model_constituent

#1 (network_model_constituent = SIR_network_node)

#2 (network_model_constituent = SIR_network_node_relationship)
#3 (network_model_constituent = SIR_submodel_usage)

5123 ARM_OBJECT network_node

IS MAPPED_TO
SIR_node USED_FROM SIR

ATTRIBUTE id
IS MAPPED_TO
SIR_nodeid USED_FROM SIR

ATTRIBUTE name

IS MAPPED_TO
representation_item.name USED_FROM 43
WITH_REFERENCE_PATH

SIR_node <= representation_item
representation_item.name

network_node to network_node class (as class)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_node.classed[i] -> type _qualifier

network_nodeto security classification_level (as security_class)
IS MAPPED_TO
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PATH

WITH_RULES 36

WITH_REFERENCE_PATH

SIR_node = security _classified_item

security_classified_item <- NRF_security _assignment.itemg]i]

NRF_security assignment <= security_classification_assignment
security_classification_assignment.assigned_security_classification -> security _classification
security_classification.security _level -> security_classification_level

51.2.4 ARM_OBJECT network_node class

IS MAPPED_TO
type_qudifier USED_FROM 45
WITH_RULES 21

ATTRIBUTE name
IS MAPPED_TO
type_qudlifier.name USED_FROM 45

5125 ARM_OBJECT network_node_relationship

IS MAPPED_TO
SIR_node_relationship USED_FROM SIR

ATTRIBUTE id
IS MAPPED_TO
SIR_node_relationship.id USED_FROM 43

ATTRIBUTE name

IS MAPPED_TO

representation_item.name USED_FROM 43
WITH_REFERENCE_PATH
SIR_node_relationship <= representation_item
representation_item.name

network_node relationship to network _node relationship_class (as class)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR _node_relationship.classed|i] -> type _qualifier

network_node relationship to security classification_level (as security_class)
IS MAPPED_TO

PATH

WITH_RULES 36

WITH_REFERENCE_PATH

SIR_node_relationship = security_classified_item

security_classified_item <- NRF_security _assignment.items]i]

NRF_security_assignment <= security_classification_assignment
security_classification_assignment.assigned_security_classification -> security_classification
security_classification.security_level -> security_classification_level

network_node _relationship to network_node (as hodes)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_node_relationship.nodeg[i] -> SIR_node_or_usage
SIR_node_or_usage = SIR_node

network _node relationship to network _node usage (as nodes)
IS_ MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_node_relationship.nodeg[i] -> SIR_node_or_usage
SIR_node_or_usage = SIR_node_usage
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5126

5127

5128

5129

ARM_OBJECT network_node relationship_class

IS MAPPED TO
type_qualifier USED_FROM 45
WITH_RULES 21

ATTRIBUTE name
IS MAPPED_TO
type_qualifier.name USED_FROM 45

ARM_OBJECT network_node relationship_usage

IS MAPPED_TO
SIR_node_relationship_usage USED_FROM SIR

network _node relationship_usage to submodel_usage (asused_submodel)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_node_relationship_usage.used_submodel -> SIR_submodel_usage

network_node relationship_usage to network _node relationship (asrelationship)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_node_relationship_usage.component -> SIR_node_relationship

ARM_OBJECT network_node_usage

IS MAPPED_TO
SIR_node_usage USED_FROM SIR

network_node usage to submodel_usage (as used_submodel)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_node_usage.used_submodel -> SIR_submodel _usage

network _node usage to network_node (as node)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_node_usage.node -> SIR_node

ARM_OBJECT submodel_usage

IS MAPPED_TO
SIR_submodel_usage USED_FROM SIR

ATTRIBUTE id
IS MAPPED_TO
SIR_submodel_usage.id USED_FROM SIR

ATTRIBUTE name

IS MAPPED_TO
representation_item.name USED_FROM 43
WITH_REFERENCE_PATH
SIR_submodel_usage <= mapped_item
mapped_item <= representation_item
representation_item.name

submodel_usage to network_model (as submodel)

IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_submodel_usage <= mapped_item
mapped_item.mapping_source -> representation_map
representation_map.mapped_representation -> representation
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representation => SIR_model

submodel_usage to network_node (as source_node)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_submodel_usage <= mapped_item
mapped_item.mapping_source -> representation_map
representation_map.mapping_origin -> representation_item
representation_item => SIR_node

submodel_usage to network _node (astarget_node)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_submodel_usage <= mapped_item
mapped_item.mapping_target -> representation_item
representation_item => SIR_node

5.1.3 Mapping Table - bulk_results UoF

5131 ARM_OBJECT aspect

IS MAPPED_TO
SIR_aspect USED_FROM SIR

ATTRIBUTE name
IS MAPPED_TO
SIR_aspect.name USED_FROM SIR

aspect to property_class usage (asfor_property class)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_aspect.valued_property -> SIR_property_usage

ATTRIBUTE lifetime
IS MAPPED_TO
SIR_aspect lifetime USED_FROM SIR

aspect to model_component_sequence (as component_sequence)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_aspect.component_sequence -> SIR_component_sequence

aspect to scan (as scans)

IS MAPPED_TO

PATH
WITH_REFERENCE_PATH
SIR_aspect.scang[i] -> SIR_scan

aspect to security_classification_level (as security class)

IS MAPPED_TO

PATH

WITH_RULES4

WITH_REFERENCE_PATH

SIR_aspect = security_classified_item

security_classified_item <- NRF_security _assignment.items]i]

NRF_security_assignment <= security_classification_assignment
security_classification_assignment.assigned_security_classification -> security _classification
security_classification.security_level -> security_classification_level

5.1.3.2 ARM_OBJECT ato_campaign

IS MAPPED_TO
SIR_ato_campaign USED_FROM SIR
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ato_campaign to organizational _project (asof _project)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_ato_campaign.of_project -> organizational_project

ATTRIBUTE name

IS_ MAPPED_TO
group.name USED_FROM 41
WITH_REFERENCE_PATH
SIR_ato_campaign <= group
group.name

ATTRIBUTE description

IS MAPPED_TO
group.description USED_FROM 41
WITH_REFERENCE_PATH
SIR_ato_campaign <= group
group.description

ato_campaign to date_and_time (ascreation_date_and_time)
IS MAPPED_TO

PATH

WITH_RULES 39

WITH_REFERENCE_PATH

SIR_ato_campaign = dated_item

dated_item<- NRF_date_assignment.dated_itemg[i]
NRF_date_assignment <= date_and_time_assignment
date_and_time_assignment.assigned_date -> date_and_time
{date_and_time_assignment.role -> date_time_role
date_time_role.name ='CREATION_DATE'}

ato_campaign to date_and_time (aslast_modification_date _and_time)
IS MAPPED_TO

PATH

WITH_RULES 37

WITH_REFERENCE_PATH

SIR_ato_campaign = dated_item

dated_item<- NRF_date_assignment.dated_itemg[i]
NRF_date_assignment <= date_and_time_assignment
date_and_time_assignment.assigned_date -> date_and_time
{date_and_time_assignment.role -> date_time_role

date time_rolename="LAST_MODIFICATION_DATE'}

ato_campaign to person_and_organization (as contact_person_organisation)
IS MAPPED_TO

PATH

WITH_RULES 38

WITH_REFERENCE_PATH

SIR_ato_campaign = sourced_item

sourced_item <- NRF_contact_assignment.itemg[i]

NRF_contact_assignment <= person_and_organization_assignment
person_and_organization_assignment.assigned_person_and_organization -> person_and_organization
person_and_organization_assignment.role -> person_and_organization_role
{person_and_organization_role.name ="CONTACT_PERSON/ORGANIZATION'}

ato_campaign to approval (asapprovals)

IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_ato_campaign = approved_item

approved_item <- NRF_approval_assignment.approved_itemg]i]
NRF_approval_assignment.assigned_approval -> approval
approval .status -> approval_status
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5133

ato_campaign to security classification_level (as security class)

IS MAPPED_TO

PATH

WITH_RULES 36

WITH_REFERENCE_PATH

SIR_ato_campaign = security_classified_item

security_classified_item <- NRF_security_assignment.items]i]

NRF_security_assignment <= security_classification_assignment
security_classification_assignment.assigned_security_classification -> security _classification
security_classification.security_level -> security_classification_level

ATTRIBUTE application_interpreted_model_schema _name

IS MAPPED_TO
application_protocol_definition.application_interpreted_model_schema _name USED_FROM 41
WITH_RULES 35

WITH_REFERENCE_PATH

SIR_ato_campaign.in_context -> application_context_element
application_context_element.frame_of _reference -> application_context

application_context <- application_protocol.application

ATTRIBUTE application_protocol_year

IS MAPPED_TO

application_protocol_definition.application_protocol_year USED_FROM 41
WITH_REFERENCE_PATH

SIR_ato_campaign.in_context -> application_context_element
application_context_element.frame_of _reference -> application_context
application_context <- application_protocol.application
application_protocol_definition.application_protocol _year

ARM_OBJECT ato_case

IS MAPPED_TO
SIR_ato_case USED_FROM SIR

ato_caseto ato_campaign (asof _campaign)

IS MAPPED_TO

PATH

WITH_REFERENCE_PATH
SIR_ato_case.campaign_membership -> SIR_case in_campaign
SIR_case_in_campaign <= group_assignment
group_assignment.assigned_group -> group

group => SIR_ato_campaign

ATTRIBUTE id
IS MAPPED_TO
SIR_ato_case.id USED_FROM SIR

ATTRIBUTE name
IS MAPPED_TO
SIR_ato_case.name USED_FROM SIR

ATTRIBUTE description
IS MAPPED_TO
SIR_ato_case.description USED_FROM SIR

ato_caseto network_model (asroot)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH
SIR_ato_case.root_model -> SIR_model

ato_caseto property_class usage (as abscissa_class)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_ato_case.abscissa class-> SIR_property_usage
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5134

ATTRIBUTE abscissa_sequencing
IS MAPPED_TO
SIR_ato_case.abscissa_sequencing USED_FROM SIR

ato_caseto aspect (as predefined_aspects)

IS MAPPED TO

PATH

WITH_REFERENCE_PATH

SIR_ato_case=SIR_case or_phase

SIR_case_or_phase <- SIR_initial_conditioning.conditioned_data
SIR_initial_conditioning.initial_condition -> SIR_aspect

ato_caseto security_classification_level (as security_class)

IS MAPPED_TO

PATH

WITH_RULES 36

WITH_REFERENCE_PATH

SIR_ato_case = security_classified_item

security_classified_item <- NRF_security _assignment.items]i]

NRF_security_assignment <= security_classification_assignment
security_classification_assignment.assigned_security_classification -> security_classification
security_classification.security_level -> security_classification_level

ARM_OBJECT ato_phase

IS MAPPED_TO
SIR_ato_phase USED_FROM SIR

ATTRIBUTE id
IS MAPPED_TO
SIR_ato_phaseid USED_FROM SIR

ATTRIBUTE name
IS MAPPED_TO
SIR_ato_phase.name USED_FROM SIR

ATTRIBUTE description
IS MAPPED_TO
SIR_ato_phase.description USED_FROM SIR

ato_phaseto ato_case (as of case)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH
SIR_ato_phase.of_case-> SIR_ato_case

ato_phase to aspect (as predefined_aspects)

IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_ato_phase = SIR_case_or_phase

SIR_case_or_phase <- SIR_initial_conditioning.conditioned_data
SIR_initial_conditioning.initial_condition -> SIR_aspect

ato_phaseto security_classification_level (as security_class)

IS MAPPED_TO

PATH

WITH_RULES4

WITH_REFERENCE_PATH

SIR_ato_phase = security_classified item

security_classified_item <- NRF_security _assignment.items]i]

NRF_security_assignment <= security_classification_assignment
security_classification_assignment.assigned_security_classification -> security_classification
security_classification.security_level -> security_classification_level
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5.1.35 ARM_OBJECT list_of_descriptive values

IS MAPPED_TO
SIR_list_of_descriptive_values USED_FROM SIR

list_of_descriptive valuesto property class usage (as applicable for)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_list_of _descriptive values.applicable for[i] -> SIR_applicability_of_values
SIR_applicability_of values.valid_usage -> SIR_property_usage

ATTRIBUTE name
IS MAPPED_TO
SIR_list_of descriptive_values.name USED_FROM SIR

ATTRIBUTE entries
IS MAPPED_TO
SIR_list_of _descriptive_values.entriesUSED_FROM SIR

5.1.3.6 ARM_OBJECT list_of_functions

IS MAPPED_TO
SIR_list_of_functions USED_FROM SIR

list_of functionsto property class usage (as applicable for)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_list_of_functions.applicable_for[i] -> SIR_applicability_of values
SIR_applicability_of values.valid_usage -> SIR_property_usage

ATTRIBUTE name
IS MAPPED_TO
SIR_list_of functions.name USED_FROM SIR

list_of_functionsto parameterized_functions (asentries)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_list_of functions.entrieg[i] -> SIR_parameterized function

5137 ARM_OBJECT model_component_sequence

IS MAPPED_TO
SIR_component_sequence USED_FROM SIR

ATTRIBUTE id
IS MAPPED_TO
SIR_component_sequence.id USED_FROM SIR

ATTRIBUTE name

IS MAPPED_TO

SIR_component_sequence.name USED_FROM SIR
WITH_RULES 29

model_component_sequenceto network_model_component (as components)
IS MAPPED_TO

#1 if the constituent is a network_node

#2 if the constituent is a network_node_relationship

#3 if the constituent is a submodel_usage

#4 if the congtituent is a network_node_usage

#5 if the constituent is a network_node_relationship_usage

#6 if the constituent is a network_model

PATH

WITH_REFERENCE_PATH
NRF_component_sequence.components[i] -> SIR_network_component
#1 (SIR_network_component = SIR_node)
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#2 (SIR_network_component = SIR_node_relationship)

#3 (SIR_network_component = SIR_submodel_usage)

#4 (SIR_network_component = SIR_node_usage)

#5 (SIR_network_component = SIR_node_relationship_usage)
#6 (SIR_network_component = SIR_model)

51.3.8 ARM_OBJECT property_class

IS MAPPED_TO
SIR_property_class USED_FROM SIR

5.1.3.9 ARM_OBJECT property class scalar

IS MAPPED_TO
SIR_property_scalar USED_FROM SIR

property class scalar to property_name (as hame)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_property_scalar <= SIR_property_class
SIR_property_class.name -> SIR_property_name

ATTRIBUTE symmetry

IS MAPPED_TO
SIR_property_scalar.symmetry USED_FROM SIR

5.1.3.10 ARM_OBJECT property_class scalar_descriptive

IS MAPPED_TO
SIR_property_descriptive USED_FROM SIR

51311 ARM_OBJECT property_class scalar_functional

IS MAPPED_TO
SIR_property_functional USED_FROM SIR

5.1.3.12 ARM_OBJECT property_class scalar_quantitative

IS MAPPED_TO
SIR_property_quantitative USED_FROM SIR

5.1.3.13 ARM_OBJECT property_class tensor

IS MAPPED_TO
SIR_property_tensor USED_FROM SIR

property class tensor to property _name (as hame)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_property_tensor <= SIR_property_class
SIR_property_class.name -> SIR_property_name

ATTRIBUTE tensor_order
IS MAPPED_TO
SIR_property_tensor.order USED_FROM SIR

ATTRIBUTE dimensionality
IS MAPPED_TO
SIR_property_tensor.dimensionality USED_FROM SIR

51314 ARM_OBJECT property_class usage

IS MAPPED_TO
SIR_property_usage USED_FROM SIR
property class usageto ato_case (as case)
IS MAPPED_TO
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PATH
WITH_REFERENCE_PATH
SIR_property_usage.case-> SIR_ato_case

property class usageto property class (as property)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_property_usage.property -> SIR_property_class

property class usageto property_role (as meaning)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_property_usage.meaning -> SIR_property_meaning
SIR_property_meaning.rolegfi] -> type_qualifier

5.1.3.15 ARM_OBJECT property_name

IS MAPPED_TO
SIR_property_name USED_FROM SIR

ATTRIBUTE name
IS MAPPED_TO
SIR_property_name.name USED_FROM SIR

51316 ARM_OBJECT property role

IS MAPPED TO
type_qualifier USED_FROM 45
WITH_RULES 21

ATTRIBUTE name
IS MAPPED_TO
type_qualifier.name USED_FROM 45

5.1.3.17 ARM_OBJECT run

IS MAPPED_TO

NRF_run USED_FROM TAS
WITH_REFERENCE_PATH

NRF_run <= executed_action

runto ato_phase (as of _phase)

IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

NRF_run <= executed_action
executed_action <= action

action <- action_assignment.assigned_action
action_assignment => NRF_run_phase
NRF_run_phase.subject -> SIR_ato_phase

ATTRIBUTE id

IS_ MAPPED_TO
action.name USED_FROM 41
WITH_REFERENCE_PATH
executed_action <= action
action.name

ATTRIBUTE name

IS MAPPED_TO

name_assignment.assigned_name USED_FROM 41
WITH_REFERENCE_PATH

NRF_run = named_item

named_item <- TAS name_assignment.named_items]i]
TAS_name_assignment <= name_assignment
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name_assignment.assigned_name

ATTRIBUTE description

IS MAPPED_TO

action.description USED_FROM 41
WITH_REFERENCE_PATH
executed_action <= action
action.description

run todate and_time (astimestamp)

IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

NRF_run = dated_item

dated_item<- TAS_date_assignment.dated_itemq]i]

TAS date_assignment <= date_and_time_assignment
date_and_time_assignment.assigned_date_and_time -> date_and_time
date and _time_assignment.role -> date time role
{date_time_role.name = 'start date and time’}

ATTRIBUTE creator_tool_or_facility

IS MAPPED_TO

action_resource.name USED_FROM 41
WITH_REFERENCE_PATH

executed_action <= action

action = supported_item

supported_item <- action_resource.usage[1]
{action_resource.kind -> action_resource_type
action_resource_type = "tool or facility’}
action_resource.name

run to aspect (as aspects)

IS MAPPED_TO

PATH

WITH_RULES 20
WITH_REFERENCE_PATH

NRF_run <= executed_action

executed_action <= action

action <- action_assignment.assigned_action
action_assignment => NRF_result_assignment
NRF_run_results.resultd[i] -> SIR_aspect

51.3.18 ARM_OBJECT run_sequence

IS MAPPED_TO

NRF_run_sequence USED_FROM TAS
WITH_RULES 24
WITH_REFERENCE_PATH
NRF_run_sequence <= action

run_sequenceto ato_case (asof _case)

IS MAPPED_TO

PATH

WITH_RULES 20

WITH_REFERENCE_PATH

NRF_run_sequence <= action

action <- action_assignment.assigned_action
action_assignment => NRF_run_sequence_case
NRF_run_sequence_case.subject -> SIR_ato_case

ATTRIBUTE id

IS MAPPED_TO
action.name USED_FROM 41

ATTRIBUTE name
IS MAPPED_TO
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name_assignment.assigned_name USED_FROM 41
WITH_REFERENCE_PATH

NRF_run_segquence = named_item

named_item <- TAS name_assignment.named_itemg]i]
TAS_name_assignment <= name_assignment
name_assignment.assigned_name

ATTRIBUTE description

IS MAPPED_TO
action.description USED_FROM 41
WITH_REFERENCE_PATH
NRF_run_sequence <= action
action.description

run_sequencetorun (asruns)

IS MAPPED_TO

PATH

WITH_RULES 25
WITH_REFERENCE_PATH
NRF_run_sequence <= action

action <- action_relationship.relating_action
action_relationship.related_action -> action
action => executed_action

executed_action => NRF_run

5.1.3.19 ARM_OBJECT scalar_in_tensor

IS MAPPED_TO
SIR_scalar_in_tensor USED FROM SIR

scalar_in_tensor to property_class tensor (astensor)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_scalar_in_tensor.tensor -> SIR_property_tensor

scalar_in_tensor to property_class scalar (asscalar)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_scalar_in_tensor.scalar -> SIR_property scalar

ATTRIBUTE position
IS MAPPED_TO
SIR_scalar_in_tensor.position USED_FROM SIR

ATTRIBUTE roles

IS MAPPED_TO

type_qudifier USED_FROM 45
WITH_REFERENCE_PATH
SIR_scalar_in_tensor.roles -> SIR_property_meaning
SIR_property_meaning.rolegfi] -> type_qualifier

5.1.3.20 ARM_OBJECT scan

IS MAPPED_TO
SIR_scan USED_FROM SIR
WITH_RULES 21

scan to aspect (as of _aspect)
IS MAPPED_TO

PATH
WITH_REFERENCE_PATH
SIR_scan <- SIR_aspect.scang[i]

ATTRIBUTE abscissa value
IS MAPPED_TO
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SIR_scan.abscissa value USED_FROM SIR

scan to scan_mask (as mask)
IS MAPPED_TO

PATH
WITH_REFERENCE_PATH
SIR_scan.mask -> SIR_scan_mask

ATTRIBUTE values
IS MAPPED_TO
SIR_scan.values USED_FROM SIR

51321 ARM_OBJECT scan_derivation_procedure

IS MAPPED_TO

NRF_scan_derivation_procedure USED_FROM NRF
WITH_REFERENCE_PATH
NRF_scan_derivation_procedure <= action_method

ATTRIBUTE name
IS MAPPED_TO
action_method.name USED_FROM 41

5.1.3.22 ARM_OBJECT scan_mask

IS MAPPED_TO
SIR_mask USED_FROM SIR

ATTRIBUTE defined_ranges
IS MAPPED_TO
SIR_mask.defined_ranges USED_FROM SIR

5.1.3.23 ARM_OBJECT scan_of derived_values

IS MAPPED_TO

NRF_scan_derived USED_FROM SIR
WITH_REFERENCE_PATH
NRF_scan_derived <= SIR_scan

scan_of _derived_valuesto scan_derivation_procedure (as derivation_procedure)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

NRF_scan_derived <- NRF_derivation_result.result

NRF_derivation <= action_assignment

action_assignment.assigned_action -> action

action.chosen_method -> action_method

action_method => NRF_derivation_procedure

ATTRIBUTE abscissa_start

IS MAPPED_TO

NRF_derivation_bounds.bounds[1] USED_FROM SIR
WITH_REFERENCE_PATH

NRF_scan_derived <- NRF_derivation_result.result
NRF_derivation <= action_assignment
action_assignment.assigned_action -> action

action => NRF_derivation

NRF_derivation <- action_assignment.assigned_action
action_assignment => NRF_derivation_bounds
NRF_derivation_bounds.bounds[1]

ATTRIBUTE abscissa_end

IS MAPPED_TO

NRF_derivation_bounds.bounds[2] USED_FROM SIR
WITH_REFERENCE_PATH

NRF_scan_derived <- NRF_derivation_result.result
NRF_derivation <= action_assignment
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action_assignment.assigned_action -> action

action => NRF_derivation

NRF_derivation <- action_assignment.assigned_action
action_assignment => NRF_derivation_bounds
NRF_derivation_bounds.bounds]2]

51324 ARM_OBJECT scan_of sampled_values
IS MAPPED_TO
NRF_scan_sampled USED_FROM SIR
WITH_REFERENCE_PATH
NRF_scan_sampled <= SIR_scan
5.1.3.25 ARM_OBJECT unit_assignment
IS MAPPED_TO
SIR_unit_assignment USED_FROM SIR
unit_assignment to ato_case (as of _case)
IS MAPPED_TO
PATH
WITH_REFERENCE_PATH
SIR_unit_assignment.in_case-> SIR_ato_case
unit_assignment to property_class scalar (asfor_property_class)
IS MAPPED_TO
PATH
WITH_REFERENCE_PATH
SIR_unit_assignment.for_property -> SIR_property _scalar
unit_assignment to unit (as assigned_unit)
IS MAPPED_TO
PATH
WITH_REFERENCE_PATH
SIR_unit_assignment.assigned_unit -> unit
514 Mapping Table - parameterized_function UoF
514.1 ARM_OBJECT cyclic_tabular_function
IS MAPPED_TO
SIR_cyclic_tabular_function USED_FROM SIR
ATTRIBUTE period
IS MAPPED_TO
SIR_cyclic_tabular_function.period USED_FROM SIR
514.2 ARM_OBJECT parameterized_function
IS MAPPED_TO
SIR_parameterized function USED_FROM SIR
ATTRIBUTE name
IS MAPPED_TO
SIR_parameterized_function.name USED_FROM SIR
ATTRIBUTE description
IS MAPPED_TO
SIR_parameterized_function.description USED_FROM SIR
parameterized_function to property_class scalar (asparameter_properties)
IS MAPPED_TO
PATH
WITH_REFERENCE_PATH
SIR_parameterized_function.parameterd[i] -> SIR_variable
parameterized_function to property_class scalar (asresult_property)
IS MAPPED_TO
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PATH
WITH_REFERENCE_PATH
SIR_parameterized_function.result -> SIR_variable

parameterized_function to document_usage constraint (as source)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_parameterized_function = documented_item

documented_item <- TAS_document_reference.documented_itemg]i]

TAS document_reference <= document_reference
document_reference.assigned_document -> document

document <- document_usage_constraint.source

parameterized_function to date_and_time (as definition_timestamp)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_parameterized function = dated_item

dated_item <- TAS date_assignment.dated_itemg[i]

TAS date_assignment <= date_and_time_assignment
date_and_time_assignment.assigned_date -> date_and_time
{date_and_time_assignment.role -> date_time_role

date time_role.name =" CREATION_DATE'}

51.4.3 ARM_OBJECT parameterized_function_with_formula

IS MAPPED_TO
SIR_parameterized function USED_FROM SIR

ATTRIBUTE formula

IS MAPPED_TO

mathematical _string.text_representation USED_FROM 13584-42
WITH_REFERENCE_PATH
SIR_parameterized_function.formula-> mathematical_string
mathematical_string.text_representation

ATTRIBUTE language
IS MAPPED_TO
NO MAPPING

ATTRIBUTE creator_tool_or_facility
IS MAPPED_TO
NO MAPPING

5144 ARM_OBJECT polynomial_function

IS MAPPED_TO
SIR_polynomia_function USED_FROM SIR

ATTRIBUTE degree
IS MAPPED_TO
int_literal USED_FROM 13584-20

ATTRIBUTE coefficients
IS MAPPED_TO
real_litteral USED_FROM 13584-20

ATTRIBUTE lower_domain_bounds

IS MAPPED_TO

[comparison_less equal] USED_FROM 13584-20

[literal_number] USED_FROM 13584-20

WITH_REFERENCE_PATH
SIR_polynomia_function.lower_bound_expressiong[i] -> less_or_greater
less or_greater = comparison_less_equal

comparison_less_equal <= comparison_expression
comparison_expression <= hinary_gen_expression
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binary_gen_expression.operands] 1] -> generic_expression
generic_expression => generic_litera
generic_literal => litera_number

ATTRIBUTE upper_domain_bounds

IS MAPPED_TO

[comparison_greater_equal] USED_FROM 13584-20
[literal_number] USED_FROM 13584-20
WITH_REFERENCE_PATH

SIR_polynomia_function. upper_bounds_expressiong[i] -> less_or_greater
less_or_greater = comparison_greater_equal
comparison_greater_equal <= comparison_expression
comparison_expression <= hinary_gen_expression
binary_gen_expression.operands| 1] -> generic_expression
generic_expression => generic_litera

generic_literal => literal_number

5145 ARM_OBJECT tabular_function

IS MAPPED_TO
SIR_tabular_function USED_FROM SIR

ATTRIBUTE parameter_values

IS MAPPED_TO

list_ascending_real_literals USED_FROM SIR
WITH_REFERENCE_PATH

SIR_tabular_function.parameter_valueq[i] -> list_ascending_redl_literals

ATTRIBUTE function_values

IS MAPPED_TO

list_of real_literas USED_FROM SIR
WITH_REFERENCE_PATH
SIR_tabular_function.result_values-> SIR_list_of real_litera

ATTRIBUTE interpolation_type
IS MAPPED_TO
SIR_tabular_function.interpolation_type USED_FROM SIR

ATTRIBUTE interpolation_degree
IS MAPPED_TO
SIR_tabular_function.interpolation_degree USED_FROM SIR

515 Mapping Table - date_and_time UoF

5151 ARM_OBJECT calendar_date

IS MAPPED_TO
calendar_date USED_FROM 41

5.152 ARM _OBJECT coordinated_universal_time offset

IS MAPPED_TO
coordinated_universal_time_offset USED_FROM 41

5153  ARM_OBJECT date

IS MAPPED_TO
date USED_FROM 41
WITH_RULES 14, 26

5154 ARM_OBJECT date and_time

IS MAPPED_TO
date and time USED_FROM 41

5155  ARM_OBJECT local_time
IS MAPPED_TO
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local_time USED_FROM 41
5.1.6 Mapping Table - general _support UoF
516.1 ARM_OBJECT address

IS MAPPED_TO
address USED_FROM 41

5162  ARM_OBJECT approval

IS MAPPED_TO
approval_status USED_FROM 41
WITH_RULES 28, 30

ATTRIBUTE level

IS MAPPED_TO
approval_status.name USED_FROM 41
WITH_RULES 27

approval todate and_time (asdate_time)

IS MAPPED_TO

PATH

WITH_RULES 33, 34
WITH_REFERENCE_PATH

aproval_status <- approval.status

approval <- approval_date time.dated_approval
approval_date time.date time -> date_time_select
date time_select = date_and_time

approval to person_and_organization (asby_person_organization)

IS MAPPED_TO

PATH

WITH_RULES 32

WITH_REFERENCE_PATH

aproval_status <- approval.status

approval <- approval_person_organi zation.authorized_approval
approval_person_organi zation.person_organization -> person_organization_select
person_organization_select = person_and_organization

5.1.6.3 ARM_OBJECT document

IS MAPPED_TO
document USED_FROM 41

5164 ARM_OBJECT document_type

IS MAPPED_TO
document_type USED_FROM 41

5.1.6.5 ARM_OBJECT document_usage constraint

IS MAPPED_TO
document_usage_constraint USED_FROM 41

5.1.6.6 ARM_OBJECT organization

IS MAPPED TO
organization USED_FROM 41

5.1.6.7 ARM_OBJECT organization_address

IS MAPPED_TO
organizational_address USED_FROM 41

5.1.6.8 ARM_OBJECT organizational_project
IS MAPPED_TO

STEP-TAS-012-AP Release 2.4 (28 March 1997)

5-21




STEP AP - Thermal Analysisfor Space Clause 5 - Application Interpreted Model

organizational_project USED_FROM 41
5.1.6.9 ARM_OBJECT person

IS MAPPED_TO
person USED_FROM 41
WITH_RULES 24

51610 ARM_OBJECT person_and_organization

IS MAPPED_TO
person_and_organization USED_FROM 41

516.11 ARM_OBJECT personal_address

IS MAPPED_TO
personal_address USED_FROM 41

5.16.12 ARM_OBJECT security_classification_level

IS MAPPED_TO
WITH_RULES 36, 22
security_classification_level USED_FROM 41

517 Mapping Table - space_mission_aspects UoF
51.7.1 ARM_OBJECT space_mission

IS MAPPED_TO
SIR_ato_campaign USED_FROM SIR

51.7.2 ARM_OBJECT space_mission_case

IS MAPPED_TO
SIR_space mission_case USED_FROM SIR

space_mission_caseto space_coor dinate_system (as coordinate_system)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_space _mission_case.coordinate_system -> geometric_representation_context
geometric_representation_context => TAS space_coordinate_system

51.7.3 ARM_OBJECT space_mission_phase

IS MAPPED_TO
SIR_space _mission_phase USED_FROM SIR

space mission_phaseto space mission_event (as start_event)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_space _mission_phase.bounding_events-> SIR_event_effectivity
SIR_event_effectivity.start_event

space mission_phaseto space mission_event (asend_event)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH
SIR_space_mission_phase.bounding_events -> SIR_event_effectivity
SIR_event_effectivity.start_event

space_mission_phaseto space mission_aspect (as space_aspects)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_space_mission_phase.aspects -> SIR_space aspect_in_phase
SIR_space_aspect_in_phase.occurrence -> SIR_space_mission_aspect
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51.7.4 ARM_OBJECT space_mission_aspect

IS MAPPED TO
SIR_space _mission_aspect USED_FROM SIR
WITH_RULES7

space_mission_aspect to space_mission_case (as of_case)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_space_mission_aspect.of_case -> SIR_space mission_case

ATTRIBUTE id
IS MAPPED_TO
SIR_space _mission_aspect.id USED_FROM SIR

ATTRIBUTE name

#1 (if it isthermal_environment or a material_property _environment)

#2 (if itisamain_body_placement)

#3 (if itisan orbit_arc)

#4 (if it isakinematic_articulation)

IS MAPPED_TO

#1 (data_environment.name) USED_FROM 45

#2 (functionally_defined_transformation.name) USED_FROM 43

#3 (characterized_object.name) USED_FROM 41

#4 (pair_actuator.name) USED_FROM 105

WITH_REFERENCE_PATH

#1 (SIR_space_mission_aspect.characterized object -> considered _aspect
considered_aspect = data_envrionment

data_environment.name)

#2 (SIR_space_mission_aspect.characterized object -> considered_aspect
considered_aspect = SIR_placement_transformation
SIR_placement_transformation <= functionally_defined_transformation
functionally_defined_transformation.name)

#3 (SIR_space_mission_aspect.characterized_object -> considered_aspect
considered_aspect = property_definition_representation
{property_definition_representation => TAS_orbit_arc}
property_definition_representation.definition -> property_definition
property_definition.definition = characterized_definition
characterized_definition = characterized_object
characterized_object.name)

#4 (SIR_space_mission_aspect.characterized_object -> considered_aspect
considered_aspect = SIR_kinematic_articulation
SIR_kinematic_articulation <= pair_actuator

pair_actuator.name)

ATTRIBUTE description

#1 (if it isthermal_environment or a material_property_environment)

#2 (if itisamain_body_placement)

#3 (if itisan orbit_arc)

#4 (if it isakinematic_articulation)

IS MAPPED_TO

#1 (data_environment.description) USED_FROM 45

#2 (functionally_defined_transformation.description) USED_FROM 43
#3 (characterized_object.name) USED_FROM 41

#4 (SIR_kinematic_articulation.description) USED_FROM SIR
WITH_REFERENCE_PATH

#1 (SIR_space_mission_aspect.characterized object -> considered _aspect
considered_aspect = data_environment

data_environment.description)

#2 (SIR_space_mission_aspect.characterized object -> considered_aspect
considered_aspect = SIR_placement_transformation
SIR_placement_transformation <= functionally_defined_transformation
functionally_defined_transformation.description)
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#3 (NO MAPPING)

#4 (SIR_space_mission_aspect.characterized object -> considered_aspect
considered_aspect = SIR_kinematic_articulation
SIR_kinematic_articulation.description)

5175 ARM_OBJECT space _mission_event

IS MAPPED_TO
SIR_space_mission_event USED_FROM SIR

ATTRIBUTE name
IS MAPPED_TO
SIR_space_mission_event.name USED_FROM SIR

ATTRIBUTE id
IS MAPPED_TO
SIR_space mission_event.id USED_FROM SIR

ATTRIBUTE description
IS MAPPED_TO
SIR_space_mission_event.description USED_FROM SIR

space mission_event to space mission_case (as of _case)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_space_mission_event.of_case -> SIR_space _mission_case

51.7.6 ARM_OBJECT space mission_event_with_epoch

IS MAPPED_TO
SIR_space_mission_event USED_FROM SIR

ATTRIBUTE epoch

IS MAPPED_TO

date and time USED_FROM 41
WITH_REFERENCE_PATH
SIR_space_mission_event.characterization -> event
event = date_and_time

5.1.7.7 ARM_OBJECT space mission_event_with_running_time

IS MAPPED_TO
SIR_space_mission_event USED_FROM SIR

ATTRIBUTE running_time

IS MAPPED_TO

time_measure USED_FROM 41
WITH_REFERENCE_PATH
SIR_space_mission_event.characterization -> event
event = time_measure

5.1.7.8 ARM_OBJECT space mission_event_with_true anomaly

IS MAPPED_TO
SIR_space_mission_event

ATTRIBUTE true_anomaly

IS MAPPED_TO

true_anomaly USED_FROM SIR
WITH_REFERENCE_PATH
SIR_space_mission_event.characterization -> event
event = true_anomaly

51.7.9 ARM_OBJECT space coordinate system

IS MAPPED_TO
TAS space_coordinate_system USED_FROM TAS
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ATTRIBUTE reference_system

IS MAPPED_TO

representation_context.context_type USED_FROM 43
WITH_REFERENCE_PATH

TAS space_coordinate_system <= geometric_representation_context
geometric_representation_context <= representation_context
representation_context.context_type

ATTRIBUTE standard_direction

IS MAPPED_TO

representation_context.context_type USED_FROM 43
WITH_REFERENCE_PATH

TAS space coordinate_system <= geometric_representation_context
geometric_representation_context <= representation_context
representation_context.context_type

5.1.7.10 ARM_OBJECT orbit_arc

TAS orbit_arc USED_FROM TAS

ATTRIBUTE orbit_class

IS MAPPED_TO

characterized_object.description USED_FROM 41
WITH_REFERENCE_PATH

TAS orbit_arc <= property_definition_representation
property_definition_representation.definition -> property_definition
property_definition.definition -> characterized_definition
characterized_definition = characterized_object
characterized_object.description

orbit_arcto celestial_body (as governing_celestial_body)

IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

TAS orbit_arc <= property_definition_representation
property_definition_representation.definition -> property_definition
property_definition <- property_definition_relationship.related_property_definition
{property_definition_relationship => TAS orbit_generator}
property_definition_relationship.relating_property_definition -> property_definition
{property_definition.description =’ gravitational data'}

orbit_arcto space_mission_event (as evaluation_events)

IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

TAS orbit_arc <- TAS evaluation_event.evaluated_itemg[i]

TAS evaluation_event.assigned_event -> SIR_space mission_event

ATTRIBUTE star_spherical_right_ascension

IS_ MAPPED_TO

plane_angle_measure_with_unit USED_FROM 41
WITH_REFERENCE_PATH

TAS orbit_arc <= property_definition_representation
property_definition_representation.used_representation -> representation
{representation => shape _representation}
representation.items[i] -> representation_item
{representation_item.name = "star spherical right ascension’}
representation_item => measure_representation_item
measure_representation_item <= measure_with_unit
measure_with_unit => plane_angle_measure_with_unit
ATTRIBUTE star_spherical_declination

IS MAPPED_TO

plane_angle_measure_with_unit USED_FROM 41
WITH_REFERENCE_PATH
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TAS orhit_arc <= property_definition_representation
property_definition_representation.used_representation -> representation
{ representation => shape_representation}

representation.items[i] -> representation_item
{representation_item.name = ’star spherical declination’}
representation_item => measure_representation_item
measure_representation_item <= measure_with_unit

measure_with_unit => plane_angle_measure_with_unit

ATTRIBUTE orbit_period

IS MAPPED_TO

time_measure_with_unit USED_FROM 41
WITH_REFERENCE_PATH

TAS orbit_arc <= property_definition_representation
property_definition_representation.used_representation -> representation
{representation => shape_representation}

representation.items[i] -> representation_item

representation_item => measure_representation_item
measure_representation_item => TAS revolution_period

51711 ARM _OBJECT discretised_orbit_arc

IS MAPPED_TO
TAS discretised orbit_arc USED_FROM TAS
WITH_REFERENCE_PATH

TAS discretised_orbit_arc <= TAS orbit_arc

ATTRIBUTE centre_of governing_celestial_body
IS MAPPED_TO

cartesian_point USED_FROM 42
WITH_REFERENCE_PATH

TAS discretised_orbit_arc <= TAS orbit_arc

TAS orbit_arc <= property_definition_representation
property_definition_representation.used_representation -> representation
{representation => shape_representation}
representation.itemg]i] -> representation_item
representation_item => geometric_representation_item
geometric_representation_item => point

point => cartesian_point

discretised_orbit_arcto orbit_position_and_velocity (as positions and_velocities)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

TAS discretised_orbit_arc <= TAS orbit_arc

TAS orbit_arc <= property_definition_representation
property_definition_representation.used_representation -> representation
{representation => shape _representation}

representation.items[i] -> representation_item

representation_item => geometric_representation_item
geometric_representation_item => SIR_position_and_velocity

ATTRIBUTE orbit_generator_name

IS MAPPED_TO

descriptive_representation_item.description USED_FROM 45
WITH_REFERENCE_PATH

TAS discretised_orbit_arc <= TAS orbit_arc

TAS orbit_arc <= property_definition_representation
property_definition_representation.used_representation -> representation
{representation => shape _representation}
representation.items[i] -> representation_item
{representation_item.name =" orbit generator'}
representation_item => descriptive_representation_item
descriptive_representation_item.description
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5.1.7.12

5.1.7.13

discretised_orbit_arcto kepler_parameter_set (askepler _parameters)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

TAS discretised_orbit_arc <= TAS orbit_arc

TAS orbit_arc <= property_definition_representation
property_definition_representation.used_representation -> representation

{ representation => shape_representation}

[shape_representation <= representation

representation <- representation_relationship.rep_1

{representation_rel ationship.description =’ association with unperturbed orbit data’'}
representation_relationship.rep_2 -> representation]

[representation.context -> representation_context

representation_context => geometric_representation_context
geometric_representation_context => TAS _space_coordinate_system]
[representation.items[1] -> representation_item

representation_item => SIR_kepler_set]

ARM _OBJECT keplerian_orbit_arc

IS MAPPED_TO

TAS kepler_orbit_arc USED_FROM TAS
WITH_REFERENCE_PATH

TAS kepler_orbit_arc <= TAS orbit_arc

keplerian_orbit_arcto kepler_parameter_set (askepler_parameters)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

TAS kepler_orbit_arc <= TAS orbit_arc

TAS orbit_arc <= property_definition_representation
property_definition_representation.used_representation -> representation
{ representation => shape_representation}

representation.items[1] -> representation_item

representation_item => geometric_representation_item
geometric_representation_context => SIR_kepler_set

ARM_OBJECT kepler_parameter_set

IS MAPPED_TO
SIR kepler_set USED_FROM SIR

ATTRIBUTE semi_major_axis
IS MAPPED_TO
SIR_kepler_set.semi_major_axis USED_FROM SIR

ATTRIBUTE eccentricity
IS MAPPED_TO
SIR_kepler_set.eccentricity USED_FROM SIR

ATTRIBUTE inclination
IS MAPPED_TO
SIR_kepler_set.inclination USED_FROM SIR

ATTRIBUTE right_ascension_of ascending_node
IS MAPPED_TO
SIR_kepler_set.right_ascension_of_ascending_node USED_FROM SIR

ATTRIBUTE argument_of periapsis
IS MAPPED_TO
SIR_kepler_set.argument_of_periapsis USED_FROM SIR

ATTRIBUTE true_anomaly_at_start
IS MAPPED_TO
SIR_kepler_set.true_anomaly_at_start USED_FROM SIR

STEP-TAS-012-AP Release 2.4 (28 March 1997) 5-27




STEP AP - Thermal Analysisfor Space Clause 5 - Application Interpreted Model

51.7.14  ARM_OBJECT orbit_position_and_velocity

IS MAPPED_TO
SIR_position_and_velocity USED_FROM SIR

orbit_position_and_velocity to cartesian_point (as position)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_position_and_velocity.position -> cartesian_point

ATTRIBUTE velocity_magnitude

IS MAPPED_TO

measure_with_unit USED_FROM 41

WITH_REFERENCE_PATH
SIR_position_and_velocity.velocity_magnitude -> measure_with_unit
measure_with_unit

ATTRIBUTE velocity_direction

IS MAPPED_TO

direction USED_FROM 42

WITH_REFERENCE_PATH
SIR_position_and_velocity.velocity_direction -> direction

51715 ARM_OBJECT celestial_body

IS MAPPED_TO
TAS celestia_body USED_FROM TAS

ATTRIBUTE name

IS MAPPED_TO
product.name USED_FROM 41
WITH_REFERENCE_PATH
TAS_celestia_body <= product
product.name

ATTRIBUTE radius

#1 (radiusis alength_measure)

#2 (radiusis a property_function_association)

IS MAPPED_TO

TAS radius of_celestia_body USED_FROM TAS
WITH_REFERENCE_PATH

TAS celestial_body <= product

product <- product_definition_formation.of_product
product_definition_formation <- product_definition.formation
product_definition = characterized_product_definition

characterized product_definition = characterized_definition
characterized_definition<- property_definition.definition
{property_definition => TAS gravitational_aspects _of celestial_body}
property_definition <- property_definition_representation. definition
property_definition_representation.used_representation -> representation
{ representation.context_type = 'numerica data'}
representation.items] 3] -> representation_item

representation_item => TAS radius_of_celestial_body

#1 (TAS radius_of_celestial_body = measure_representation_item
{measure_representation_item <= measure_with_unit
measure_with_unit => length_measure_with_unit})

#2 (TAS radius_of_celestia_body = SIR_function_valued_property
{SIR_function_valued_property.property_usage.name.name="length’}
{’SIR_function_valued_property.property_usage.meaning="radius'})

ATTRIBUTE gravitational _constant

IS MAPPED_TO

TAS_gravitational_constant USED_FROM TAS
WITH_REFERENCE_PATH

TAS celestial_body <= product
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product <- product_definition_formation.of_product
product_definition_formation <- product_definition.formation
product_definition = characterized_product_definition

characterized product_definition = characterized_definition
characterized definition<- property_definition.definition
{property_definition => TAS gravitational_aspects of celestial_body}
property_definition <- property_definition_representation. definition
property_definition_representation.used_representation -> representation
{representation.context_type = 'numerical data'}
representation.items[i] -> representation_item

representation_item => TAS_gravitational _constant

ATTRIBUTE sidereal_rotation_period

IS MAPPED_TO

TAS revolution_period USED_FROM TAS
WITH_REFERENCE_PATH

TAS celestial_body <= product

product <- product_definition_formation.of _product
product_definition_formation <- product_definition.formation
product_definition = characterized_product_definition

characterized product_definition = characterized_definition
characterized_definition<- property_definition.definition
{property_definition => TAS gravitational_aspects of celestial_body}
property_definition <- property_definition_representation. definition
property_definition_representation.used_representation -> representation
{ representation.context_type = 'numerica data'}
representation.items]i] -> representation_item

representation_item => TAS_sidereal_rotation_period

5.1.7.16 ARM_OBJECT celestial_body with_orbit

IS MAPPED_TO
TAS celestial_body with_orbit USED_FROM TAS

celestial_body with_orbit to orbit_arc (as orbit)

IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

TAS celestial_body_with_orbit <= TAS celestial_body

TAS celestial_body <= product

product <- product_definition_formation.of _product
product_definition_formation <- product_definition.formation
product_definition = characterized_product_definition
characterized_product_definition = characterized_definition
characterized_definition <- property_definition.definition
property_definition <- TAS_orbit_assignment.related_property definition
TAS orbit_assignment.relating_property_definition -> property_definition
property_definition <- property_definition_representation.definition
property_definition_representation => TAS orbit_arc

51.7.17 ARM_OBJECT thermal_aspects of_celestial_body

IS MAPPED_TO
TAS_thermal_aspects of celestial_body USED_FROM TAS

thermal_aspects of_celestial_body to celestial_body (as of _celestial_body)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

TAS_thermal_aspects of _celestial_body <= property_definition
property_definition.definition = characterized_definition

characterized_definition = characterized_product_definition
characterized_product_definition = product_definition

product_definition.formation -> product_definition_formation
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product_definition_formation.of _product -> product
product => TAS celestial_body

ATTRIBUTE black_body surface temperature

#1 (black_body_surface temperature is athermodynamic_temperature_measure)

#2 (black_body_surface temperatureis a property_function_association)

IS MAPPED_TO

TAS black_body surface_temperature USED_FROM TAS

WITH_REFERENCE_PATH

TAS_thermal_aspects_of _celestial_body <= property_definition

property_definition <- property_definition_representation.definition
property_definition_representation.used_representation -> representation
representation.items][i] -> representation_item

representation_item => TAS_black_body_surface _temperature

#1 (TAS black_body_surface temperature = measure_representation_item
{measure_representation_item <= measure_with_unit

measure_with_unit => thermodynamic_temperature_measure_with_unit})

#2 (TAS_black_body_surface temperature = SIR_function_valued_property
{SIR_function_valued_property.property_usage.name.name="thermodynamic temperature’ }
{"SIR_function_valued_property.property_usage.meaning="black body surface temperature'})

ATTRIBUTE notional_distance to_celestial_body

IS MAPPED_TO

TAS notional_distance USED_FROM TAS
WITH_REFERENCE_PATH

TAS thermal_aspects of_celestia_body <= property_definition
property_definition <- property_definition_representation.definition
property_definition_representation.used_representation -> representation
representation.items[i] -> representation_item

representation_item => TAS notional_distance

thermal_aspects of_celestial_body to thermal_radiation_spectrum (as spectrum)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

TAS_thermal_aspects of celestial_body <= property_definition

property_definition <- property_definition_representation.definition
property_definition_representation.used_representation -> representation
representation.items]i] -> representation_item

representation_item => TAS_thermal_radiation_spectrum

thermal_aspects of celestial_body to albedo_reflectors (asalbedo reflectors)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

TAS_thermal_aspects_of _celestial_body <= property_definition
property_definition.definition = characterized_definition

characterized_definition = characterized_product_definition

characterized product_definition = product_definition

product_definition <- product_definition_relationship.related_product_definition
product_definition_relationship => TAS_albedo_reflector

51.7.18 ARM_OBJECT albedo_reflector
IS MAPPED_TO
TAS albedo_reflector USED_FROM TAS
albedo _reflector tothermal_aspect_of celestial_body (as albedo_originator)
IS MAPPED_TO
PATH
WITH_REFERENCE_PATH
TAS abedo_reflector <= product_definition_relationship
product_definition_relationship.relating_product_definition -> product_definition
{product_definition.formation -> product_definition_formation}
product_definition_formation.of_product -> TAS _celestial_body}
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5.1.7.19

5.1.7.20

ATTRIBUTE albedo_reflection_factor

IS MAPPED_TO

TAS_abedo_reflection_factor USED_FROM TAS
WITH_REFERENCE_PATH

TAS abedo_reflector <= product_definition_relationship
product_definition_relationship = characterized product_definition
characterized_product_definition = characterized_definition
characterized _definition <- property_definition.definition
{property_definition.description = "albedo reflection characteristics'}
property_definition <- property_definition_representation.definition
{property_definition_representation => TAS_albedo_reflection_data}
property_definition_representation.used_representation -> representation
representation.items[i] -> representation_item

representation_item => TAS_albedo_reflection_factor

albedo _reflector tothermal_radiation_spectrum (as spectrum)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

TAS abedo_reflector <= product_definition_relationship
product_definition_relationship = characterized product_definition
characterized_product_definition = characterized_definition
characterized _definition <- property_definition.definition
property_definition <- property_definition_representation.definition
{property_definition_representation => TAS_albedo_reflection_data}
property_definition_representation.used_representation -> representation
representation.itemg[i] -> representation_item

representation_item => SIR_function_valued_property
SIR_function_valued_property => TAS thermal_radiation_spectrum

ARM_OBJECT main_body placement

IS MAPPED_TO
SIR_placement_transformation USED_FROM SIR

ATTRIBUTE translation
IS MAPPED_TO
SIR_placement_transformation.translat USED_FROM SIR

main_body_placement to pointing_in_space (as primary_initial_orientation)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_placement_transformation.primary_orientation -> SIR_pointing_in_space

main_body_placement to pointing_in_space (as secondary _initial_orientation)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_placement_transformation.secondary_orientation -> SIR_pointing_in_space

main_body_placement to attitude rotation (asrotations)

IS MAPPED_TO

PATH

WITH_REFERENCE_PATH
SIR_placement_transformation.additional_rotationg[i] -> rotation_about_direction

ARM_OBJECT main_body_placement_with_constant_rotation

IS MAPPED_TO
TAS _body_motion_representation USED_FROM TAS

ATTRIBUTE rotation_axis

IS MAPPED_TO
axisl_placement USED_FROM 42
WITH_REFERENCE_PATH
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TAS body_motion <= property_definition_representation
property_definition_representation.used_representation -> representation
representation.items]i] -> representation_item

representation_item => SIR_rotation_motion
SIR_rotation_motion.rotation_axis -> axisl_placement

ATTRIBUTE angular_velocity

IS MAPPED_TO

measure_with_unit USED_FROM 41

WITH_REFERENCE_PATH

TAS body_motion <= property_definition_representation
property_definition_representation.used_representation -> representation
representation.items[i] -> representation_item

representation_item => SIR_rotation_motion
SIR_rotation_motion.rotation_characteristic -> velocity_or_spin_number
velocity_or_spin_number = measure_with_unit

51721 ARM_OBJECT main_body placement_with_spinning

IS MAPPED_TO
TAS_body_motion_representation USED_FROM TAS

ATTRIBUTE spin_axis

IS MAPPED_TO

axisl_placement USED_FROM 42

WITH_REFERENCE_PATH

TAS body_motion <= property_definition_representation
property_definition_representation.used_representation -> representation
representation.items[i] -> representation_item

representation_item => SIR_rotation_motion
SIR_rotation_motion.rotation_axis-> axisl_placement

ATTRIBUTE number_of _spin_positions

IS MAPPED_TO

spin_positions_number USED_FROM SIR
WITH_REFERENCE_PATH

TAS body_motion <= property_definition_representation
property_definition_representation.used_representation -> representation
representation.items]i] -> representation_item

representation_item => SIR_rotation_motion
SIR_rotation_motion.rotation_characteristic -> velocity_or_spin_number
velocity_or_spin_number = spin_positions_number

51.7.22 ARM_OBJECT pointing_in_space

IS MAPPED_TO
SIR_pointing_in_space USED_FROM SIR

ATTRIBUTE pointer

IS MAPPED_TO

direction USED_FROM 42

WITH_REFERENCE_PATH

SIR_pointing_in_space <= item_defined_transformation
item_defined_transformation.transform_item_1 -> direction

ATTRIBUTE desired_pointing #1 (if desired_pointing is a predefined value) #2 (if desired_
pointingisa general_star_pointing) #3 (if desired_pointing isa general_space _pointing)

IS MAPPED_TO

#1 (descriptive_representation_item.name) USED_FROM 45

#2 (SIR_space_direction) USED_FROM SIR

#3 (direction) USED_FROM 42

WITH_REFERENCE_PATH

SIR_pointing_in_space <= item_defined_transformation

item_defined_transformation.transform_item_2 -> description_or_direction

#1 (description_or_direction = descriptive_representation_item
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descriptive_representation_item.name)
#2 (description_or_direction = SIR_space_direction)
#3 (description_or_direction = direction)

51.7.23 ARM_OBJECT general_star_pointing

IS MAPPED_TO
SIR_space _direction

general_star_pointing to space mission_case (asof _case)

IS MAPPED_TO

WITH_REFERENCE_PATH

SIR_space _direction = description_or_direction

description_or_direction <- item_defined_transformation.transform_item_2
item_defined_transformation => SIR_pointing_in_space
(SIR_poainting_in_space <- SIR_placement_transformation.primary_orientation)
(SIR_poainting_in_space <- SIR_placement_transformation.secondary_orientation)
SIR_placement_transformation = considered_aspect

considered_aspect <- SIR_space_mission_aspect.characterized objectd[i]
SIR_space_mission_aspect.of_case -> SIR_space_mission_case

ATTRIBUTE name

IS MAPPED_TO

representation_item.name USED_FROM 43
WITH_REFERENCE_PATH

SIR_space_direction <= geometric_representation_item
geometric_representation_item <= representation_item
representation_item.name

ATTRIBUTE star_spherical_right_ascension
IS MAPPED_TO
SIR_space_direction.star_spherical_right_ascension USED_FROM SIR

ATTRIBUTE star_spherical_declination
IS MAPPED_TO
SIR_space _direction.star_spherical_declination USED_FROM SIR

51724  ARM_OBJECT general_space pointing

IS MAPPED_TO
direction USED_FROM 42

general_space pointing to space mission_case (as of _case)

IS MAPPED_TO

WITH_REFERENCE_PATH

SIR_space_direction = description_or_direction

description_or_direction <- item_defined_transformation.transform_item_2
item_defined_transformation => SIR_pointing_in_space
(SIR_painting_in_space <- SIR_placement_transformation.primary_orientation)
(SIR_pointing_in_space <- SIR_placement_transformation.secondary_orientation)
SIR_placement_transformation = considered_aspect

considered_aspect <- SIR_space_mission_aspect.characterized _objectq[i]
SIR_space mission_aspect.of _case -> SIR_space mission_case

ATTRIBUTE name

IS MAPPED_TO

representation_item.name USED_FROM 43
WITH_REFERENCE_PATH

direction <= geometric_representation_item
geometric_representation_item <= representation_item
representation_item.name

ATTRIBUTE direction

IS MAPPED_TO
IDENTICAL MAPPING

STEP-TAS-012-AP Release 2.4 (28 March 1997) 5-33




STEP AP - Thermal Analysisfor Space Clause 5 - Application Interpreted Model

51.7.25

5.1.7.26

5.1.7.27

ARM_OBJECT attitude _rotation

IS MAPPED_TO
rotation_about_direction USED_FROM 105

ATTRIBUTE axis
IS MAPPED_TO
rotation_about_direction.direction_of _axis

ATTRIBUTE angle
IS MAPPED_TO
rotation_about_direction.rotation_angle

ARM_OBJECT kinematic_articulation

IS MAPPED_TO
SIR_kinematic_articulation USED_FROM SIR

kinematic_articulation to kinematic_pair_value (asstart_pair_value)
IS MAPPED_TO

WITH_REFERENCE_PATH

SIR_kinematic_articulation.start_pair_value -> pair_value

kinematic_articulation to kinematic_pair_value (asend_pair_value)
IS MAPPED_TO

WITH_REFERENCE_PATH

SIR_kinematic_articulation.end_pair_value -> pair_value

ARM_OBJECT thermal_environment

IS MAPPED_TO
TAS therma_environment USED_FROM TAS

ATTRIBUTE environmental_sink_name

IS_ MAPPED_TO

characterized_object.name USED_FROM 45
WITH_REFERENCE_PATH

TAS thermal_environment <= data_environment
data_environment.elementd[i] -> property_definition_representation
{property_definition_representation => TAS thermal_environment_data}
property_definition_representation.definition -> characterized_definition
characterized_definition = characterized_object
characterized_object.name

ATTRIBUTE environmental_sink_node id
IS MAPPED_TO
NO MAPPING

ATTRIBUTE environmental_sink_temperature

IS MAPPED_TO

thermodynamic_temperature_measure_with_unit USED_FROM 41
WITH_REFERENCE_PATH

TAS thermal_environment <= data_environment
data_environment.elements]i] -> property_definition_representation
{property_definition_representation => TAS_thermal_environment_data}
property_definition_representation.used_representation -> representation
representation.items[i] -> representation_item

representation_item => measure_representation_item
measure_representation_item <= measure_with_unit

measure_with_unit => thermodynamic_temperature_measure_with_unit

thermal_environment to thermal_aspects of celestial_body (ascelestial_body_environment)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

TAS_thermal_environment <= data_environment

data_environment.elements]i] -> property_definition_representation
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property_definition_representation.definition -> property_definition
property_definition => TAS_thermal_aspects of celestial_body

ATTRIBUTE star_flux_constant

IS MAPPED_TO

TAS therma_flux USED_FROM TAS

WITH_REFERENCE_PATH

TAS_thermal_environment <= data_environment
data_environment.elements]i] -> property_definition_representation
{property_definition_representation => TAS_thermal_environment_data}
property_definition_representation.used_representation -> representation
representation.itemg[i] -> representation_item

representation_item => measure_representation_item
measure_representation_item => TAS_thermal _flux

5.1.7.28 ARM_OBJECT thermal_radiation_spectrum

IS MAPPED_TO
TAS thermal_radiation_spectrum USED_FROM TAS

ATTRIBUTE name

IS MAPPED_TO

representation_item.name USED_FROM 43
WITH_REFERENCE_PATH

TAS thermal_radiation_spectrum <= SIR_function_valued_property
SIR_function_valued_property <= representation_item
representation_item.name

ATTRIBUTE description
IS MAPPED_TO
NO MAPPING

thermal_radiation_spectrum to parameterised_function (as values)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

TAS thermal_radiation_spectrum <= SIR_function_valued_property
SIR_function_valued_property.value

518 Mapping Table - geometric_model UoF

5181 ARM_OBJECT geometric_context

IS MAPPED_TO

[global _unit_assigned_context] USED_FROM 41
[global_uncertainty assigned_context] USED_FROM 43
[geometric_representation_context] USED_FROM 42
WITH_RULES4, 5

geometric_context to length_unit (aslength_unit)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH
global_unit_assigned_context.unitg 1] -> unit

unit = named_unit

named_unit => length_unit

geometric_context to plane_angle unit (asplane_angle unit)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

global_unit_assigned_context.unitg[2] -> unit

unit = named_unit

named_unit => plane_angle_unit

ATTRIBUTE point_in_plane_uncertainty
IS MAPPED_TO
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length_measure USED_FROM 41

WITH_REFERENCE_PATH

global_uncertainty_assigned_context.uncertainty[1] -> uncertainty_measure_with_unit
{uncertainty_measure_with_unit.name =’ plane uncertainty’}

uncertainty _measure_with_unit <= measure_with_unit

{measure_with_unit => length_measure_with_unit}
measure_with_unit.value_component -> measure_value

{measure_value = length_measure}

ATTRIBUTE point_coincidence_uncertainty

IS MAPPED_TO

length_measure USED_FROM 41

IS MAPPED_TO

global_uncertainty_assigned_context.uncertainty[2] -> uncertainty_measure_with_unit
{uncertainty_measure_with_unit.name = 'point coincidence uncertainty’}

uncertainty _measure_with_unit <= measure_with_unit

{measure_with_unit => length_measure_with_unit}
measure_with_unit.value_component -> measure_value

{measure_value = length_measure}

51.8.2 ARM_OBJECT geometric_model

#1 if the model does not contain any boolean construction surface nor any boolean difference surface nor any
geometric_submodel_usage with such a characteristic

#2 if the model contains at least one boolean construction surface or one boolean difference surface or a
geometric_submodel_usage with such a characteristic

IS MAPPED_TO

#1 (manifold_surface _shape representation) USED_FROM 509

#2 (shape_representation) USED_FROM 41

ATTRIBUTE id

IS MAPPED_TO

representation.name

WITH_REFERENCE_PATH

(manifold_shape representation <= shape_representation)
shape_representation <= representation
representation.name

ATTRIBUTE name
IS MAPPED_TO
NO MAPPING

ATTRIBUTE description

#1 if the model does not contain any boolean construction surface nor any boolean difference surface nor any
geometric_submodel_usage with such a characteristic

#2 if the model contains at least one boolean construction surface or one boolean difference surface or a
geometric_submodel_usage with such a characteristic

IS MAPPED_TO

descriptive_representation_item.description USED_FROM 45

WITH_REFERENCE_PATH

#1 (NO MAPPING)

#2 (shape_representation <= representation

representation.items[1] -> representation_item

representation_item => descriptive_representation_item

descriptive_representation_item.description)

geometric_model to primitive_bounded_surface (as surfaces)

#1 if the model does not contain any boolean construction surface nor any boolean difference surface nor any
geometric_submodel_usage with such a characteristic

#2 if the model contains at least one boolean construction surface or one boolean difference surface or a
geometric_submodel_usage with such a characteristic

IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

#1 (manifold_shape_representation <= shape_representation
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shape_representation <= representation
representation.itemg[i] -> representation_item
representation => geometric_representation_item
geometric_representation_item => shell_based _surface_model
shell_based surface_model.sbsm_boundary[i] -> shell
{(shell => open_shell

open_shell <= connected face_set)

(shell => closed_shell

closed_shell <= connected_face set)}
connected_face set.cfs faceq[i] -> face

face => advanced_face)

#2 (shape_representation <= representation
representation.items]i] -> representation_item
representation_item => geometric_representation_item
geometric_representation_item => face_surface
face_surface => advanced_face)

geometric_model to compound_surface shell (as surfaces)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

(manifold_shape representation <= shape_representation)
shape_representation <= representation

representation.itemg[i] -> representation_item

representation_item => topological_representation_item
(topological_representation_item => open_shell)
(topological_representation_item => closed_shell)

geometric_model to boolean_construction_surface (as surfaces)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

shape_representation <= representation

representation.items[i] -> representation_item

representation_item => geometric_representation_item
geometric_representation_item => half_space_solid

geometric_model to boolean_difference surface (as surfaces)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

shape_representation <= representation

representation.items][i] -> representation_item

representation_item => geometric_representation_item
geometric_representation_item => SIR_boolean_result_surface
WITH_RULES8

geometric_model to geometric_submodel _usage (as submodel_usages)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

(manifold_shape representation <= shape_representation)

shape_representation <= representation

representation.itemg[i] -> representation_item

representation_item => mapped_item

5183 ARM_OBJECT geometric_submodel_usage

IS MAPPED_TO
mapped_item USED_FROM 43

ATTRIBUTE id

IS MAPPED_TO
representation_item.name USED_FROM 43
WITH_REFERENCE_PATH
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mapped_item <= representation_item
representation_item.name

ATTRIBUTE role
IS MAPPED_TO
NO MAPPING

geometric_submodel_usage to geometric_model (as submodel)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

mapped_item.mapping_source -> representation_map
representation_map.mapped_representation -> representation
representation => shape_representation

(shape_representation => manifold_surface_shape representation)

geometric_submodel _usageto axis _placement (as placement)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

mapped_item.mapping_target -> representation_item
representation_item => geometric_representation_item
geometric_representation_item => placement

placement => axis2_placement_3d

5184 ARM_OBJECT geometric_construction_point

IS MAPPED_TO
cartesian_point USED_FROM 42

ATTRIBUTE id

IS MAPPED_TO

representation_item.name USED_FROM 43
WITH_RULES 3

WITH_REFERENCE_PATH

cartesian_point <= point

point <= geometric_representation_item
geometric_representation_item <= representation_item
representation_item.name

ATTRIBUTE coordinates
IS MAPPED_TO
cartesian_point.coordinates USED_FROM 42

51.85 ARM_OBJECT axis_placement

IS MAPPED_TO
axis2_placement_3d USED_FROM 42

axis_placement to cartesian_point (aslocation)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

axis2_placement_3d <= placement

placement.location -> cartesian_point

ATTRIBUTE z_axis direction

IS MAPPED_TO
axis2_placement_3d.axis USED_FROM 42

ATTRIBUTE x_axis direction
IS MAPPED_TO
axis2_placement_3d.ref_direction USED_FROM 42

5.1.8.6 ARM _OBJECT primitive_bounded_surface

IS MAPPED_TO
advanced_face USED_FROM 511
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5.1.8.7

ATTRIBUTE id

IS MAPPED_TO

representation_item.name USED_FROM 43
WITH_REFERENCE_PATH

advanced_face <= face_surface

face surface <= face

face <= topological_representation_item
topological_representation_item <= representation_item
representation_item.name

primitive_bounded surfaceto axis _placement (as placement)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

advanced_face <= face_surface

face_surface.face_geometry -> surface

surface => surface _replica

surface replicatransformation -> cartesian_transformation_operator_3d
(see clause 5.2.1 for further details about the transformation)

primitive_bounded_surfaceto colour_rgb (as colour)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

advanced_face = coloured_item

coloured_item <- TAS colour_assignment.itemq]i]
TAS_colour_assignment <= SIR_colour_assignment
SIR_colour_assignment.assigned_colour -> colour

colour => colour_rgb

ARM_OBJECT triangle

IS MAPPED_TO

advanced_face USED_FROM 511
WITH_REFERENCE_PATH
advanced_face <= face surface

[face surface.face geometry -> surface
surface => elementary_surface
elementary_surface => plane]
[face_surface <= face

face.bounds[1] -> face_bound

face _bound => face outer bound
face_bound.bound -> loop

loop => edge_loop

edge_loop <= path

path.edge_list[i] -> oriented_edge
oriented_edge.edge_element -> edge]

ATTRIBUTE pl1

IS MAPPED_TO

cartesian_point USED_FROM 42
WITH_REFERENCE_PATH

[

[edge => edge_curve
edge_curve.edge geometry -> curve
curve => ling]

[edge.edge_start -> vertex]

]

[

[edge => edge_curve

edge _curve.edge geometry -> curve
curve => ling]

[edge.edge_end -> vertex]

]

STEP-TAS-012-AP Release 2.4 (28 March 1997)

5-39




STEP AP - Thermal Analysisfor Space

Clause 5 - Application Interpreted Model

51838

vertex => vertex_point
vertex_point.vertex_geometry -> point
point => cartesian_point

ATTRIBUTE p2

IS MAPPED_TO

cartesian_point USED_FROM 42
WITH_REFERENCE_PATH

[

[edge => edge_curve
edge_curve.edge _geometry -> curve
curve =>ling]

[edge.edge_start -> vertex]

]

[

[edge => edge_curve
edge_curve.edge _geometry -> curve
curve => ling]

[edge.edge _end -> vertex]

]

vertex => vertex_point
vertex_point.vertex_geometry -> point
point => cartesian_point

ATTRIBUTE p3

IS MAPPED_TO

cartesian_point USED_FROM 42
WITH_REFERENCE_PATH

[

[edge => edge_curve

edge _curve.edge _geometry -> curve
curve => ling]

[edge.edge_start -> vertex]

|

[

[edge => edge _curve
edge_curve.edge_geometry -> curve
curve => ling]

[edge.edge_end -> vertex]

|

vertex => vertex_point
vertex_point.vertex_geometry -> point
point => cartesian_point

ARM_OBJECT rectangle

IS MAPPED_TO

advanced_face USED_FROM 511
WITH_RULES (90 degres)
WITH_REFERENCE_PATH
advanced_face <= face_surface
[face_surface.face_geometry -> surface
surface => elementary_surface
elementary_surface => plane]
[face_surface <= face

face.boundg[1] -> face_bound
face_bound => face_outer_bound
face_bound.bound -> loop

loop => edge_loop

edge loop <= path

path.edge_list[i] -> oriented_edge
oriented_edge.edge_element -> edge]
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5.1.8.9

ATTRIBUTE pl1

IS MAPPED_TO

cartesian_point USED_FROM 42
WITH_REFERENCE_PATH

[

[edge => edge_curve
edge_curve.edge geometry -> curve
curve => ling]

[edge.edge_start -> vertex]

]

[

[edge => edge_curve

edge _curve.edge geometry -> curve
curve => ling]

[edge.edge_end -> vertex]

]

vertex => vertex_point
vertex_point.vertex_geometry -> point
point => cartesian_point

ATTRIBUTE p2

IS MAPPED_TO

cartesian_point USED_FROM 42
WITH_REFERENCE_PATH

[

[edge => edge_curve
edge_curve.edge_geometry -> curve
curve => ling]

[edge.edge_start -> vertex]

|

[

[edge => edge_curve
edge_curve.edge_geometry -> curve
curve => ling]

[edge.edge_end -> vertex]

1

vertex => vertex_point
vertex_point.vertex_geometry -> point
point => cartesian_point

ATTRIBUTE p3

IS MAPPED_TO

cartesian_point USED_FROM 42
WITH_REFERENCE_PATH

[

[edge => edge_curve
edge_curve.edge_geometry -> curve
curve => ling]

[edge.edge_start -> vertex]

]

[

[edge => edge_curve
edge_curve.edge_geometry -> curve
curve => ling]

[edge.edge end -> vertex]

]

vertex => vertex_point
vertex_point.vertex_geometry -> point
point => cartesian_point

ARM_OBJECT quadrilateral
IS MAPPED_TO
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advanced_face USED_FROM 511
WITH_REFERENCE_PATH
advanced_face <= face_surface
[face_surface.face_geometry -> surface
surface => elementary_surface
elementary_surface => plane]
[face_surface <= face

face.boundg[1] -> face_bound
face_bound => face_outer_bound
face_bound.bound -> loop

loop => edge_loop

edge loop <= path

path.edge_list[i] -> oriented_edge
oriented_edge.edge_element -> edge]

ATTRIBUTE pl1

IS MAPPED_TO

cartesian_point USED_FROM 42
WITH_REFERENCE_PATH

[

[edge => edge_curve
edge_curve.edge_geometry -> curve
curve => ling]

[edge.edge_start -> vertex]

]

[

[edge => edge_curve
edge_curve.edge_geometry -> curve
curve => ling)

[edge.edge_end -> vertex]

]

vertex => vertex_point
vertex_point.vertex_geometry -> point
point => cartesian_point

ATTRIBUTE p2

IS MAPPED_TO

cartesian_point USED_FROM 42
WITH_REFERENCE_PATH

[

[edge => edge_curve
edge_curve.edge geometry -> curve
curve => ling]

[edge.edge_start -> vertex]

|

[

[edge => edge_curve

edge _curve.edge geometry -> curve
curve => ling]

[edge.edge_end -> vertex]

|

vertex => vertex_point
vertex_point.vertex_geometry -> point
point => cartesian_point

ATTRIBUTE p3

IS MAPPED_TO

cartesian_point USED_FROM 42
WITH_REFERENCE_PATH

[

[edge => edge_curve
edge_curve.edge_geometry -> curve
curve => ling]
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5.1.8.10

[edge.edge_start -> vertex]

]

[

[edge => edge_curve
edge_curve.edge _geometry -> curve
curve =>ling]

[edge.edge_end -> vertex]

]

vertex => vertex_point
vertex_point.vertex_geometry -> point
point => cartesian_point

ATTRIBUTE p4

IS MAPPED_TO

cartesian_point USED_FROM 42
WITH_REFERENCE_PATH

[

[edge => edge_curve

edge _curve.edge _geometry -> curve
curve => ling]

[edge.edge_start -> vertex]

|

[

[edge => edge _curve
edge_curve.edge _geometry -> curve
curve => ling]

[edge.edge_end -> vertex]

|

vertex => vertex_point
vertex_point.vertex_geometry -> point
point => cartesian_point

ARM_OBJECT disc

IS MAPPED_TO

TAS disc USED_FROM TAS
WITH_REFERENCE_PATH

TAS disc <= advanced_face
advanced_face <= face_surface
[face_surface.face_geometry -> surface
surface => swept_surface
swept_surface.swept_curve -> curve
curve => ling]

[swept_surface => surface_of_revolution]
[face_surface <= face

face.bounds[1] -> face_bound

face bound => face outer bound
face_bound.bound -> loop

loop => edge_loop

edge_loop <= path

path.edge_list[i] -> oriented_edge
oriented_edge.edge_element -> edge]

ATTRIBUTE pl1

IS_ MAPPED_TO

cartesian_point USED_FROM 42
WITH_REFERENCE_PATH
[surface_of_revolution.axis_position -> axisl_placement
axisl_placement <= placement

placement.location -> cartesian_point]

[line.pnt -> cartesian_point]

ATTRIBUTE p2
IS MAPPED_TO
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51811

direction USED_FROM 42
WITH_REFERENCE_PATH
surface_of_revolution.axis_position -> axisl_placement
axisl_placement.axis-> direction

ATTRIBUTE external_diameter

IS MAPPED_TO
positive_length_measure USED_FROM 41
WITH_REFERENCE_PATH

edge => edge_curve

edge_curve.edge _geometry -> curve

curve => conic

conic => circle

circleradius -> positive_length_measure

ATTRIBUTE internal_diameter

IS MAPPED_TO
positive_length_measure USED_FROM 41
WITH_REFERENCE_PATH

edge => edge_curve
edge_curve.edge_geometry -> curve

curve => conic

conic => circle

circleradius -> positive_length_measure

ATTRIBUTE p3
IS MAPPED_TO
(mapped indirectly when defining the swept line)

ATTRIBUTE start_angle

IS_ MAPPED_TO

[line] USED_FROM 42
[cartesian_point] USED_FROM 42
WITH_REFERENCE_PATH

[edge => edge_curve
edge_curve.edge geometry -> curve
curve => ling]

[edge.edge_start -> vertex
edge.edge_end -> vertex

vertex => vertex_point
vertex_point.vertex_geometry -> point
point => cartesian_point]

ATTRIBUTE end_angle

IS MAPPED_TO

[line] USED_FROM 42
[cartesian_point] USED_FROM 42
WITH_REFERENCE_PATH

[edge => edge_curve
edge_curve.edge_geometry -> curve
curve => ling]

[edge.edge_start -> vertex
edge.edge_end -> vertex

vertex => vertex_point
vertex_point.vertex_geometry -> point
point => cartesian_point]

ARM_OBJECT cylinder

IS MAPPED_TO

advanced_face USED_FROM 511
WITH_REFERENCE_PATH
advanced_face <= face_surface
[face_surface.face_geometry -> surface
surface => elementary_surface
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elementary_surface => cylindrical_surface]
[face_surface <= face

face.boundg[1] -> face_bound

face_bound => face_outer_bound
face_bound.bound -> loop

loop => edge_loop

edge loop <= path

path.edge_list[i] -> oriented_edge
oriented_edge.edge_element -> edge]

ATTRIBUTE pl1

IS MAPPED_TO

[axis2_placement_3d] USED_FROM 42
[cartesian_point] USED_FROM 42
WITH_REFERENCE_PATH
elementary_surface.position -> axis2_placement_3d
axis2_placement_3d <= placement
placement.location -> cartesian_point

ATTRIBUTE p2

IS MAPPED_TO

direction USED_FROM 42
WITH_REFERENCE_PATH
axis2_placement_3d.axis -> direction

ATTRIBUTE diameter

IS MAPPED_TO

[positive_length_measure] USED_FROM 41
[circle] USED_FROM 42
WITH_REFERENCE_PATH
[cylindrical_surface.radius -> positive_length_measure]
[edge => edge_curve
edge_curve.edge_geometry -> curve

curve => conic

conic => circle

circleradius -> positive_length_measure]

ATTRIBUTE p3

IS MAPPED_TO

direction USED_FROM 42
WITH_REFERENCE_PATH
axis2_placement_3d.ref_direction -> direction

ATTRIBUTE start_angle

IS MAPPED_TO

[line] USED_FROM 42
[cartesian_point] USED_FROM 42
WITH_REFERENCE_PATH

[edge => edge_curve
edge_curve.edge_geometry -> curve
curve => ling]

[edge.edge_start -> vertex
edge.edge_end -> vertex

vertex => vertex_point
vertex_point.vertex_geometry -> point
point => cartesian_point]

ATTRIBUTE end_angle

IS MAPPED_TO

[line] USED_FROM 42
[cartesian_point] USED_FROM 42
WITH_REFERENCE_PATH

[edge => edge_curve
edge_curve.edge_geometry -> curve
curve => ling]
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5.1.8.12

[edge.edge_start -> vertex
edge.edge_end -> vertex

vertex => vertex_point
vertex_point.vertex_geometry -> point
point => cartesian_point]

ARM_OBJECT cone

IS MAPPED_TO

advanced_face USED_FROM 511
WITH_REFERENCE_PATH
advanced_face <= face surface
[face_surface.face_geometry -> surface
surface => elementary_surface
elementary_surface => conical_surface]
[face_surface <= face

face.bounds[1] -> face_bound
face_bound => face_outer_bound
face_bound.bound -> loop

loop => edge_loop

edge_loop <= path

path.edge list[i] -> oriented_edge
oriented_edge.edge_element -> edge]

ATTRIBUTE p1

IS MAPPED_TO

[axis2_placement_3d] USED_FROM 42
[cartesian_point] USED_FROM 42
WITH_REFERENCE_PATH
elementary_surface.position -> axis2_placement_3d
axis2_placement_3d <= placement
placement.location -> cartesian_point

ATTRIBUTE p2

IS MAPPED_TO

direction USED_FROM 42
WITH_REFERENCE_PATH
axis2_placement_3d.axis -> direction

ATTRIBUTE base diameter

IS MAPPED_TO
positive_length_measure USED_FROM 41
WITH_REFERENCE_PATH

[edge => edge_curve
edge_curve.edge_geometry -> curve

curve => conic

conic => circle

circleradius -> positive_length_measure]
[conical_surface.radius -> length_measure
length_measure => positive_length_measure]

ATTRIBUTE apex_diameter

IS MAPPED_TO

[positive_length_measure] USED_FROM 41
[plane_angle_measure] USED_FROM 41
WITH_REFERENCE_PATH

[edge => edge_curve
edge_curve.edge_geometry -> curve

curve => conic

conic => circle

circleradius -> positive_length_measure]
[conical_surface.semi_angle -> plane_angle_measure]

ATTRIBUTE p3
IS MAPPED_TO

5-46

STEP-TAS-012-AP Release 2.4 (28 March 1997)



5.1 Mapping Table

direction USED_FROM 42
WITH_REFERENCE_PATH
axis2_placement_3d.ref_direction -> direction

ATTRIBUTE start_angle

IS MAPPED_TO

[line] USED_FROM 42
[cartesian_point] USED_FROM 42
WITH_REFERENCE_PATH

[edge => edge_curve
edge_curve.edge _geometry -> curve
curve => ling]

[edge.edge_start -> vertex
edge.edge_end -> vertex

vertex => vertex_point
vertex_point.vertex_geometry -> point
point => cartesian_point]

ATTRIBUTE end_angle

IS MAPPED_TO

[line] USED_FROM 42
[cartesian_point] USED_FROM 42
WITH_REFERENCE_PATH

[edge => edge_curve

edge _curve.edge _geometry -> curve
curve => ling]

[edge.edge_start -> vertex
edge.edge_end -> vertex

vertex => vertex_point
vertex_point.vertex_geometry -> point
point => cartesian_point]

51813 ARM_OBJECT sphere

IS MAPPED_TO

advanced_face USED_FROM 511
WITH_REFERENCE_PATH
advanced_face <= face_surface

[face surface.face _geometry -> surface
surface => elementary_surface
elementary_surface => spherical _surface]
[face surface <= face

face.bounds[1] -> face_bound
face_bound => face_outer_bound
face_bound.bound -> loop

loop => edge_loop

edge_loop <= path

path.edge_list[i] -> oriented_edge
oriented_edge.edge_element -> edge]

ATTRIBUTE p1

IS MAPPED_TO

[axis2_placement_3d] USED_FROM 42
[cartesian_point] USED_FROM 42
WITH_REFERENCE_PATH
elementary_surface.position -> axis2_placement_3d
axis2_placement_3d <= placement
placement.location -> cartesian_point

ATTRIBUTE p2

IS_ MAPPED_TO

direction USED_FROM 42
WITH_REFERENCE_PATH
axis2_placement_3d.axis -> direction
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ATTRIBUTE diameter

IS MAPPED_TO

positive_length_measure USED_FROM 41
WITH_REFERENCE_PATH
spherical_surface.radius -> positive_length_measure

ATTRIBUTE base _truncation
IS MAPPED_TO

[circle] USED_FROM 42
WITH_REFERENCE_PATH

edge => edge_curve
edge_curve.edge _geometry -> curve
curve => conic

conic => circle

ATTRIBUTE apex_truncation
IS MAPPED_TO

[circle] USED_FROM 42
WITH_REFERENCE_PATH

edge => edge_curve
edge_curve.edge_geometry -> curve
curve => conic

conic => circle

ATTRIBUTE p3

IS MAPPED_TO

direction USED_FROM 42
WITH_REFERENCE_PATH
axis2_placement_3d.ref_direction -> direction

ATTRIBUTE start_angle

IS_ MAPPED_TO

[circle] USED_FROM 42
[cartesian_point] USED_FROM 42
WITH_REFERENCE_PATH

[edge => edge_curve
edge_curve.edge geometry -> curve
curve => conic

conic => circle]

[edge.edge_start -> vertex
edge.edge_end -> vertex

vertex => vertex_point
vertex_point.vertex_geometry -> point
point => cartesian_point]

ATTRIBUTE end_angle

IS MAPPED_TO

[circle] USED_FROM 42
[cartesian_point] USED_FROM 42
WITH_REFERENCE_PATH

[edge => edge_curve
edge_curve.edge_geometry -> curve
curve => conic

conic => circle]

[edge.edge_start -> vertex
edge.edge_end -> vertex

vertex => vertex_point
vertex_point.vertex_geometry -> point
point => cartesian_point]

5.1.8.14 ARM_OBJECT paraboloid
IS MAPPED_TO
advanced_face USED_FROM 511
WITH_REFERENCE_PATH
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advanced_face <= face surface
[face_surface.face_geometry -> surface
surface => swept_surface
swept_surface.swept_curve -> curve
curve => conic

conic => parabola

swept_surface => surface_of _revolution]
[face_surface <= face

face.boundg[1] -> face_bound
face_bound => face_outer_bound
face_bound.bound -> loop

loop => edge_loop

edge loop <= path

path.edge_list[i] -> oriented_edge
oriented_edge.edge_element -> edge]

ATTRIBUTE pl1

IS MAPPED_TO

[axis2_placement_3d] USED_FROM 42
[cartesian_point] USED_FROM 42
WITH_REFERENCE_PATH
elementary_surface.position -> axis2_placement_3d
axis2_placement_3d <= placement
placement.location -> cartesian_point

ATTRIBUTE p2

IS MAPPED_TO

direction USED_FROM 42
WITH_REFERENCE_PATH
axis2_placement_3d.axis -> direction

ATTRIBUTE diameter

IS MAPPED_TO

length_measure USED_FROM 41
WITH_REFERENCE_PATH
parabola.focal_dist -> length_measure

ATTRIBUTE base_truncation
IS MAPPED_TO

circle USED_FROM 42
WITH_REFERENCE_PATH

edge => edge_curve

edge _curve.edge _geometry -> curve
curve => conic

conic => circle

ATTRIBUTE apex_truncation
IS MAPPED_TO

circle USED_FROM 42
WITH_REFERENCE_PATH

edge => edge_curve
edge_curve.edge_geometry -> curve
curve => conic

conic => circle

ATTRIBUTE p3

IS MAPPED_TO

direction USED_FROM 42
WITH_REFERENCE_PATH
axis2_placement_3d.ref_direction -> direction

ATTRIBUTE start_angle
IS_ MAPPED_TO

[parabola] USED_FROM 42
[cartesian_point] USED_FROM 42
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5.1.8.15

5.1.8.16

WITH_REFERENCE_PATH

[edge => edge_curve
edge_curve.edge_geometry -> curve
curve => conic

conic => parabolal

[edge.edge_start -> vertex
edge.edge_end -> vertex

vertex => vertex_point
vertex_point.vertex_geometry -> point
point => cartesian_point]

ATTRIBUTE end_angle

IS MAPPED_TO

[parabola] USED_FROM 42
[cartesian_point] USED_FROM 42
WITH_REFERENCE_PATH

[edge => edge_curve
edge_curve.edge geometry -> curve
curve => conic

conic => parabola)

[edge.edge_start -> vertex
edge.edge_end -> vertex

vertex => vertex_point
vertex_point.vertex_geometry -> point
point => cartesian_point]

ARM_OBJECT compound_surface shell

IS_ MAPPED_TO
(open_shell) USED_FROM 42
(closed_shell) USED_FROM 42

ATTRIBUTE id

IS MAPPED_TO

representation_item.name USED_FROM 43
WITH_REFERENCE_PATH

(open_shell <= connected face set)

(closed_shell <= connected_face set)
connected_face set <= topologial_representation_item
topologial_representation_item <= representation_item
representation_item.name

ATTRIBUTE name
IS MAPPED_TO

compound_surface shell to primitive_bounded_surface (as surfaces)

IS MAPPED_TO

PATH

WITH_REFERENCE_PATH
(open_shell <= connected_face_set)
(closed_shell <= connected_face set)
connected_face set.cfs faces->face
face => face _surface

face surface => advanced_face

compound_surface shell to compound_surface shell (as surfaces)

IS MAPPED_TO
NO MAPPING (due to the requirement for Al1C usage)

ARM_OBJECT boolean_construction_surface

IS MAPPED_TO
half_space solid USED_FROM 42

ATTRIBUTE id
IS MAPPED_TO
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representation_item.name USED_FROM 43
WITH_REFERENCE_PATH

half_space_solid <= geometric_representation_item
geometric_representation_item <= representation_item
representation_item.name

ATTRIBUTE sense
IS MAPPED_TO
half_space_solid.agreement_flag USED_FROM 42

boolean_construction_surfaceto axis_placement (as placement)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

half_space solid.base_surface -> surface

surface => elementary_surface

elementary_surface.position -> axis2_placement_3d

5.1.8.17 ARM_OBJECT half_space plane

IS MAPPED_TO

half_space_solid USED_FROM 42
WITH_REFERENCE_PATH
half_space solid.base_surface -> surface
{surface => elementary_surface
elementary_surface => plane}

5.1.8.18 ARM_OBJECT half_space cylinder

IS MAPPED_TO
half_space solid USED_FROM 42

ATTRIBUTE radius

IS MAPPED_TO
cylindrical_surface.radius USED_FROM 42
WITH_REFERENCE_PATH

half_space solid.base_surface -> surface
{surface => elementary_surface
elementary_surface => cylindrical_surface}
cylindrical_surface.radius

5.1.8.19 ARM_OBJECT generalized_half_space

IS MAPPED_TO
half_space solid USED_FROM 42

generalized_half spaceto primitive bounded_surface (asbase surface)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

half_space solid.base_surface -> surface

surface <- face_surface.face_geometry

{face_surface.same_sense = true}

face surface => advanced _face

ATTRIBUTE sense
IS MAPPED_TO
half_space solid.agreement_flag USED_FROM 42

5.1.8.20 ARM_OBJECT boolean_result_surface

#1 if placement is not specified

#2 if placement is specified

IS MAPPED_TO

#1 (SIR_boolean_result_surface) USED_FROM SIR
#2 (SIR_boolean result_replica) USED_FROM SIR
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ATTRIBUTE id

IS MAPPED_TO

representation_item.name USED_FROM 43
WITH_REFERENCE_PATH

#1 (SIR_boolean_result_surface <= geometric_representation_item)
#2 (SIR_boolean_result_replica <= geometric_representation_item)
geometric_representation_item <= representation_item
representation_item.name

boolean_result_surfaceto axis placement (as placement)

IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_boolean_result_replica.transformation -> cartesian_transformation_operator_3d
(see clause 5.2.1 for further details about the transformation)

51821 ARM _OBJECT boolean_difference surface

IS MAPPED_TO

TAS boolean_difference_surface USED_FROM TAS
WITH_REFERENCE_PATH

TAS boolean_difference_surface <= SIR_boolean_result_surface

boolean_difference surfaceto primitive_bounded_surface (asfirst_operand)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

TAS boolean_difference_surface <= SIR_boolean_result_surface
SIR_boolean_result_surface.first_operand -> SIR_boolean_operand_1
SIR_boolean_operand_1 = advanced_face

boolean_difference_surface to compound_bounded_surface (asfirst_operand)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

TAS boolean_difference surface <= SIR_boolean result_surface

SIR_boolean result_surfacefirst_operand -> SIR_boolean_operand_1
(SIR_boolean_operand_1 = open_shell)

(SIR_boolean_operand_1 = closed_shell)

boolean_difference surfaceto boolean_difference surface (asfirst_operand)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

TAS boolean_difference_surface <= SIR_boolean_result_surface
SIR_boolean_result_surface.first_operand -> SIR_boolean_operand_1
SIR_boolean_operand_1 = SIR_boolean_result_surface

{SIR_boolean_result_surface => TAS_boolean_difference surface}

boolean_difference_surface to boolean_construction_surface (as second_operand)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

TAS boolean_difference surface <= SIR_boolean result_surface

SIR_boolean result_surface.second_operand -> half_space solid

boolean_difference_surfaceto generalized_half_space (as second_oper and)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

TAS boolean_difference_surface <= SIR_boolean result_surface
SIR_boolean_result_surface.second_operand -> half_space solid
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519
5191

5192

Mapping Table - kinematic_model UoF
ARM_OBJECT kinematic_model

IS MAPPED_TO
mechanism USED_FROM 105
WITH_RULES 43

ATTRIBUTE id
IS MAPPED_TO
NO MAPPING

ATTRIBUTE name

IS MAPPED_TO

WITH_REFERENCE_PATH

mechanism = named_item

named_item <- TAS name_assignment.named_itemg]i]
TAS name_assignment <= name_assignment
name_assignment.assigned_name

ATTRIBUTE description
IS MAPPED_TO
NO MAPPING

kinematic_mode to kinematic_joint (asjoints)
IS MAPPED_TO

WITH_REFERENCE_PATH
mechanism.structure_definition -> kinematic_structure
kinematic_structure.joints -> kinematic_joint

kinematic_model to kinematic_link (as base)
IS MAPPED_TO

WITH_REFERENCE_PATH

mechanism.base -> kinematic_link

ARM_OBJECT kinematic_link

IS MAPPED_TO

SIR_kinematic_link USED_FROM SIR
WITH_RULES 42
WITH_REFERENCE_PATH
SIR_kinematic_link <= kinematic_link

kinematic_link to geometric_model (as shape representation)

IS MAPPED_TO

WITH_RULES 40

WITH_REFERENCE_PATH

SIR_kinematic_link.klrr -> kinematic_link_representation_relation
kinematic_link_representation_relation.geometrical _aspects -> kinematic_link_representation
kinematic_link_representation <- kinematic_link_representation_association.rep_1
kinematic_link_representation_association <= representation_relationship
representation_relationship.rep_2 -> representation

representation => shape_representation

kinematic_link to product_definition (as associated product)

IS MAPPED_TO

WITH_RULES 41

WITH_REFERENCE_PATH

SIR_kinematic_link.represented_product -> characterized_product_definition
characterized_product_definition = product_definition

kinematic_link to product_next_assembly usage relationship (asassociated_product)
IS MAPPED_TO

WITH_RULES 41

WITH_REFERENCE_PATH

SIR_kinematic_link.represented_product -> characterized_product_definition

characterized product_definition = product_definition_relationship
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{product_definition_relationship => product_definition_usage
product_definition_usage => assembly_component_usage
assembly_component_usage => next_assembly _usage_occurrence}

5.1.9.3 ARM_OBJECT kinematic_joint

IS MAPPED_TO
kinematic_joint USED_FROM 105

kinematic_joint to kinematic_link (asfirst_link)
IS MAPPED_TO

WITH_REFERENCE_PATH

kinematic_joint.first_link -> kinematic_link
kinematic_link => SIR_kinematic_link

kinematic_joint to kinematic_link (assecond_link)
IS MAPPED_TO

WITH_REFERENCE_PATH

kinematic_joint.second_link -> kinematic_link
kinematic_link => SIR_kinematic_link

5194 ARM_OBJECT kinematic_pair

IS MAPPED_TO
kinematic_pair USED_FROM 105

ATTRIBUTE id

IS MAPPED_TO

item_defined transformation.name USED _FROM 43
WITH_REFERENCE_PATH

kinematic_pair <= item_defined_transformation
item_defined_transformation.name

kinematic_pair to kinematic_joint (asjoint)
IS MAPPED TO
kinematic_pair.joint USED_FROM 105

5195 ARM_OBJECT kinematic_pair_value

IS MAPPED_TO
pair_value USED_FROM 105

ATTRIBUTE applies_to_pair
IS MAPPED_TO
pair_value.applies to_pair USED_FROM 105

5.1.9.6 ARM _OBJECT revolute kinematic_pair

IS_ MAPPED_TO

[revolute_pair] USED_FROM 105
[revolute_pair_range] USED_FROM 105
WITH_REFERENCE_PATH

revolute_pair_range <= simple_pair_range
simple_pair_range.applies to_pair -> revolute_pair

ATTRIBUTE rotation_axis

IS MAPPED_TO

axis2_placement_3d.axisUSED_FROM 42
WITH_REFERENCE_PATH

revolute_pair <= kinematic_pair
kinematic_pair.pair_placement_in_first_link_context -> rigid_placement
rigid_placement=axis2_placement_3d

axis2_placement_3d.axis

ATTRIBUTE lower_limit_actual_rotation

IS MAPPED_TO
revolute_pair_range.lower_limit_actua_rotation USED_FROM 105
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5197

5198

5.1.9.9

5.1.9.10

5.1.10
5.1.10.1

ATTRIBUTE upper_limit_actual_rotation
IS MAPPED_TO
revolute_pair_range.upper_limit_actual_rotation USED_FROM 105

ARM_OBJECT explicit_revolute_kinematic_pair_value

IS MAPPED_TO
revolute_pair_value USED_FROM 105

ATTRIBUTE actual_rotation
IS MAPPED_TO
revolute_pair_value.actual_rotation USED_FROM 105

ARM_OBJECT implicit_revolute kinematic_pair_value

IS MAPPED_TO
SIR_implicit_revolute_pair_value USED_FROM SIR

implicit_revolute kinematic_pair_valueto pointing_in_space (as pointing)
IS MAPPED_TO

WITH_REFERENCE_PATH

SIR_implicit_revolute_pair_value.pointing -> SIR_pointing_in_space

ATTRIBUTE may_modify_supermodel_pointing_of first_link
IS MAPPED_TO
SIR_implicit_revolute pair_value.impact_on first_link USED_FROM SIR

ARM_OBJECT prismatic_kinematic_pair

IS MAPPED_TO

[prismatic_pair] USED_FROM 105
[prismatic_pair_range] USED_FROM 105
WITH_REFERENCE_PATH

prismatic_pair_range <= simple_pair_range
simple_pair_range.applies_to_pair -> kinematic_pair
kinematic_pair => prismatic_pair

ATTRIBUTE diding_axis

IS MAPPED_TO
axis2_placement_3d.axisUSED_FROM 42
WITH_REFERENCE_PATH

prismatic_pair <= kinematic_pair
kinematic_pair.pair_placement_in_first_link_context -> rigid_placement
rigid_placement=axis2_placement_3d
axis2_placement_3d.axis

ATTRIBUTE lower_limit_actual_trandation
IS MAPPED_TO
prismatic_pair_range.lower_limit_actual_translation USED_FROM 105

ATTRIBUTE upper_limit_actual_trandlation
IS MAPPED_TO
prismatic_pair_range.upper_limit_actual_translation USED_FROM 105

ARM_OBJECT prismatic_kinematic pair_value

IS MAPPED_TO
prismatic_pair_value USED_FROM 105

ATTRIBUTE actual_trandation
IS MAPPED_TO
prismatic_pair_value.actual_translation USED_FROM 105

Mapping Table - thermal_radiative_model UoF

ARM_OBJECT basic_thermal_radiative model
IS MAPPED_TO
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TAS basic_thermal_radiative_model USED_FROM TAS
WITH_REFERENCE_PATH
TAS_basic_thermal_radiative_model <= SIR_model

5.1.10.2 ARM_OBJECT thermal_radiative face set

IS MAPPED_TO
SIR_thermal_radiative face set USED_FROM SIR
WITH_RULES 1

thermal_radiative face set to primitive_bounded_surface (as surface)
IS MAPPED_TO

PATH

WITH_RULES?2

WITH_REFERENCE_PATH

SIR_thermal_radiative face set.base surface -> advanced_face

ATTRIBUTE active side
IS MAPPED_TO
SIR_thermal_radiative face set.active_side USED_FROM TAS

thermal_radiative face set to material (asmaterial)
IS MAPPED_TO
NO MAPPING

5.1.10.3 ARM_OBJECT meshed thermal radiative_model

IS MAPPED_TO

TAS meshed_thermal_radiative model USED _FROM TAS
WITH_REFERENCE_PATH

TAS meshed_thermal_radiative_model <= SIR_model

5.1.104 ARM_OBJECT thermal_radiative_meshing

IS MAPPED_TO
SIR_thermal_radiative_meshing USED_FROM SIR

thermal_radiative_meshing to thermal_radiative face set (asface set)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_thermal_radiative_meshing.base face-> SIR_thermal_radiative face set
ATTRIBUTE meshings 1

IS MAPPED_TO
SIR_thermal_radiative_meshing.meshing_1 USED_FROM SIR

ATTRIBUTE meshings_2
IS_ MAPPED_TO
SIR_thermal_radiative_meshing.meshing_2 USED_FROM SIR

ATTRIBUTE numbering_option
IS MAPPED_TO
SIR_thermal_radiative_meshing.numbering_option USED_FROM SIR

ATTRIBUTE grid_spacings

IS MAPPED_TO

[SIR_thermal_radiative_meshing.grid_spacing_1] USED_FROM SIR
[SIR_thermal_radiative_meshing.grid_spacing_2] USED_FROM SIR

5.1.10.5 ARM_OBJECT thermal_radiative_meshing_with_incremental_node list
IS MAPPED_TO
SIR_thermal_radiative_incremental_meshing USED_FROM SIR

ATTRIBUTE first_thermal_node id
IS_ MAPPED_TO
SIR_thermal_radiative_incremental_meshing.first_target_id USED_FROM SIR
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ATTRIBUTE thermal_node id_increment
IS MAPPED_TO
SIR_thermal_radiative_incremental_meshing.id_increment USED_FROM SIR

5.1.10.6 ARM_OBJECT thermal_radiative_meshing_with_full_node_list

IS MAPPED_TO
SIR_thermal_radiative_explicit_meshing USED_FROM SIR
ATTRIBUTE thermal_node ids

IS MAPPED_TO
TAS thermal_radiative_explicit_meshing.target_ids USED_FROM SIR

5.1.10.7 ARM_OBJECT enclosure

IS MAPPED_TO

TAS enclosure USED_FROM TAS
WITH_REFERENCE_PATH
TAS_enclosure <= group_assignment

ATTRIBUTE of_model
IS MAPPED_TO
NO MAPPING

ATTRIBUTE id

IS_ MAPPED_TO

group.name USED_FROM 41
WITH_REFERENCE_PATH
TAS_enclosure <= group_assignment
group_assignment.assigned_group -> group
group.name

ATTRIBUTE name

IS MAPPED_TO

NO MAPPING

ATTRIBUTE face sets

IS_ MAPPED_TO

TAS enclosure.grouped_items

WITH_REFERENCE_PATH

TAS_enclosure.grouped_itemd|i] -> TAS_thermal_radiative face set

5111 Mapping Table - visual_presentation UoF
51111 ARM_OBJECT colour_rgb

IS MAPPED TO
colour_rgbh USED_FROM 46

ATTRIBUTE red
IS MAPPED_TO
colour_rgb.red

ATTRIBUTE green
IS MAPPED_TO
colour_rgb.green

ATTRIBUTE blue
IS MAPPED_TO
colour_rgh.blue

5.1.12 Mapping Table - material_properties UoF
51121 ARM_OBJECT material

IS MAPPED_TO
material_designation USED_FROM 45
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ATTRIBUTE id
IS MAPPED_TO
NO MAPPING

ATTRIBUTE name
IS MAPPED_TO
material_designation.name USED_FROM 45

ATTRIBUTE designation
IS MAPPED_TO
material_designation.name USED_FROM 45

ATTRIBUTE surface treatment

IS MAPPED_TO

WITH_REFERENCE_PATH

material_designation <- material_designation_characterization.designation
material_designation_characterization.property -> characterized_material_property
characterized material_property = material_property_representation
material_property_representation <= property_definition_representation
property_definition_representation.definition -> property_definition
{property_definition.name = 'surface treatment’}
property_definition_representation.used_representation -> representation
{representation.context_of _items -> representation_context
representation_context.context_type =’ qualitative data’ }
representation.items] 1] -> representation_item

representation_item => descriptive_representation_item
descriptive_representation_item.description

ATTRIBUTE description

IS MAPPED_TO

WITH_REFERENCE_PATH

material_designation <- material_designation_characterization.designation
material_designation_characterization.property -> characterized_material_property
characterized_material_property = material_property_representation
material_property_representation <= property_definition_representation
property_definition_representation.definition -> property_definition
{property_definition.name = 'material description’}
property_definition_representation.used_representation -> representation
{representation.context_of_items -> representation_context
representation_context.context_type = "text data'}

representation.items[1] -> representation_item

representation_item => descriptive_representation_item
descriptive_representation_item.description

51122 ARM_OBJECT product_material_relationship

IS MAPPED_TO
material_designation USED_FROM 41

product_material_relationship to product_definition (as of_product)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH
material_designation.definitiong[i] -> characterized_definition
characterized_definition = shape definition

shape_definition = shape_aspect

shape_aspect.of_shape -> product_definition_shape
product_definition_shape <= property_definition
property_definition.definition -> characterized _definition
characterized definition = characterized product_definition
characterized product_definiton = product_definition

product_material_relationship to material (asbulk_material)
IS MAPPED_TO
PATH
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WITH_REFERENCE_PATH

{'shape_aspect.description = 'shapeinterior’}
{'shape_aspect.product_definitional = FALSE}
shape_aspect =shape_definition

shape_definition = characterized_definition
characterized_definition <- property_definition.definition
{property_definition.name = 'bulk material’}
property_definition => material_property

product_material_relationship to material (assurface material)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

{'shape_aspect.description = 'shape surface’}
{'shape_aspect.product_definitional = TRUE}
shape_aspect =shape_definition

shape_definition = characterized_definition
characterized_definition <- property_definition.definition
{property_definition.name = 'surface material’}
property_definition => material_property

51123 ARM_OBJECT material_property

IS MAPPED_TO
TAS material_property USED_FROM 45

material_property to material (asof_material)

IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

TAS material_property <= material_property_representation
material_property_representation = characterized_material_property
characterized_material_property <- material_designation_characterization.property
material_designation_characterization.designation -> material_designation

material_property to material_property_environment (asin_environment)
IS_ MAPPED_TO

PATH

WITH_REFERENCE_PATH

TAS material_property <= material_property_representation
material_property_representation.dependent_environment -> data_environment
data_environment => TAS_material_property_environment

material_property to scalar_values (as property_value)

IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

TAS_material_property <= material_property_representation
material_property_representation <= property_definition_representation
property_definition_representation.used_representation -> representation
representation.items[i] = TAS_property_value

51.124 ARM_OBJECT material_property_environment

IS MAPPED_TO
TAS_materia_property_environment USED_FROM TAS

51.125 ARM_OBJECT commercial_aspect_of_material

IS MAPPED_TO
<TAS supplier> USED_FROM TAS
<TAS_commercial_designation> USED_FROM TAS

commercial_aspects of material to material (asof_material)
IS MAPPED_TO
PATH
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WITH_REFERENCE_PATH

< TAS_commercia_designation.itemg[i] -> supplied_item
supplied_item = material_designation >

< TAS supplier.itemg[i] -> supplied_item

supplied_item = material_designation >

ATTRIBUTE commercial_name

IS MAPPED_TO
name_assignment.assigned_name USED_FROM 41
WITH_REFERENCE_PATH

TAS _commercial_designation <= name_assignment
name_assignment.assigned_name

ATTRIBUTE supplier

IS MAPPED_TO

organization.name USED_FROM 41

TAS supplier <= organization_assignment
{organization_assignment.role -> organization_role
organization_role.name = "supplier'}
organization_assignment.assigned_organi zation -> organization
organization.name

5.1.13 Mapping Table - additional_physical_quantities and_measures UoF
51131 ARM_OBJECT derived_unit

IS MAPPED_TO
derived unit USED_FROM 41

5.1.13.2 ARM_OBJECT conversion_unit

IS MAPPED_TO
SIR_unit_with_offset USED_FROM SIR

ATTRIBUTE name

IS MAPPED_TO

conversion_based_unit.name USED_FROM 41
WITH_REFERENCE_PATH
SIR_unit_with_offset => conversion_based_unit
conversion_based_unit.name

ATTRIBUTE factor

IS MAPPED_TO
conversion_based_unit.conversion_factor USED_FROM 41
WITH_REFERENCE_PATH

SIR _unit_with_offset => conversion_based unit
conversion_based_unit.conversion_factor

ATTRIBUTE offset
IS MAPPED_TO
SIR_unit_with_offset.offset USED_FROM SIR

5.1.13.3 ARM_OBJECT function_valued property

IS MAPPED_TO
SIR_function_valued_property USED_FROM SIR

function_valued_property to property class usage (asvalued_property)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_function_valued_property.property_usage -> SIR_property_usage

ATTRIBUTE value
IS MAPPED_TO
SIR_function valued property.value USED_FROM SIR
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51134

5.1.135

5.1.14

ARM_OBJECT string_valued_property

IS MAPPED TO
SIR_string_valued_property USED_FROM SIR

string_valued_property to property_class usage (asvalued_property)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_function_valued_property.property_usage -> SIR_property_usage

ATTRIBUTE value
IS MAPPED_TO
SIR_string_valued_property.value USED_FROM SIR

ARM_OBJECT number_valued_property

IS MAPPED_TO

SIR_number_valued_property USED_FROM SIR

number_valued_property to property_class usage (asvalued_property)
IS MAPPED_TO

PATH

WITH_REFERENCE_PATH

SIR_number_valued_property.property_usage -> SIR_property _usage

ATTRIBUTE value
IS MAPPED_TO
SIR_number_valued_property.value USED_FROM SIR

Global rulesfor mapping
The following rules are referenced in the preceding mappings:

1: thermal_face requires_thermal_model

2:at_most_2 faces per_surface

3: TAS point_id_unique

4: TAS dimensionality_is 3

5: TAS global_units

6: subtype_mandatory data_environment

7: restrict_mission_aspects

8: restrict_boolean_operator

9: prod_def _context_requires prod_def

10: product_context_requires_product

11: unique_ids_in_model

12: subtype mandatory_product_definition_relationship
13: subtype_mandatory_product_definition_formation
14: subtype mandatory date

15: subtype_mandatory_action_relationship

16: subtype_mandatory_action

17: model_requires_definition

18: product_requires version

19: compatible_dimension

20: exclusive subtypes action_assignment

21: dependent_instantiable type qualifier

22: dependent_instantiable_security classification_level
23: dependent_instantiable person_and_organization role
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24: dependent_instantiable person

25: dependent_instantiable_date time role

26: dependent_instantiable_date

27: dependent_instantiable approval_status

28: dependent_instantiable_approval_role

29: component_sequence_requires_aspect

30: approvals_are assigned

31: approval_person_organization requires_person_organization
32: approval_requires_approval_person_organization
33: approval_date time requires date time

34: approval_requires approval_date time

35: application_context_requires_ap_definition

36: at_most_one_security level

37: a_most_one _modification_date

38: ato_campaign_requires_contact

39: ato_campaign_requires _creation_date

40: kinematic_link_requires_shape

41: restrict_represented_product

42: subtype_mandatory_kinematic_link

43: mechanism_requires_ground_representation
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5.2 AIM EXPRESS short listing

This clause specifies the EXPRESS schema that uses elements from the integrated resources and the
AlCs and contains the types, entity specializations, rules, and functions that are specific to this part of
SO 10303. This clause also specifies modifications to the textual material for the constructs that are
imported from the Al Cs and the integrated resources. The text definitions and EXPRESS specifications
provided in the integrated resources for constructs used in the AIM may include select list items and
subtypes which are not imported into the AIM. Requirements stated in the integrated resources which
refer to such items and subtypes apply exclusively to those items which are imported into the AIM.

*)

SCHEMA TAS schena;

USE

USE

USE

USE

USE

USE

USE

USE

USE

USE

USE

USE

USE

USE

USE

USE

FROM SI R product _ver si on_scheng;

FROM SI R par anet eri zed_f uncti on_schens;
FROM SI R net wor k_nodel _scheng;

FROM SI R property_scheng;

FROM SI R _at o_canpai gn_scheng;

FROM SI R neasur e_scheng;

FROM SI R _space_mi ssi on_scheng;

FROM SI R _bool ean_sur f aces_schens;

FROM SI R thernal _radi ati ve_neshi ng_scheng;
FROM SI R _col our _assi gnnent _schena;
FROM SI R ki nenat i cs_scheng;

FRQOM appl i cati on_cont ext _schena(
appl i cati on_cont ext,
pr oduct _cont ext,
pr oduct _defi ni ti on_context,
appl i cati on_protocol _definition

FRQOM pr oduct _defi ni ti on_schena(
pr oduct ,
product _rel at ed_product _cat egory,
product _definition,
product _definition_rel ati onship

)

FRQOM pr oduct _property_defi niti on_schema(
property_definition,
characteri zed_obj ect,
shape_aspect

FROM pr oduct _property_represent ati on_schema(
property_definition_representation,
shape_representation

FROM managenent _r esour ces_schena(
security_cl assification_assi gnnent,
name_assi gnnent,
dat e_and_ti ne_assi gnnent,
appr oval _assi gnrrent ,
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per son_and_or gani zati on_assi gnnent,
or gani zat i on_assi gnnent ,

act i on_assi gnnent ,

group_assi gnnent

)

USE FROM docurent _schena(
docunent ,
docurrent _t ype,
docurent _usage_constrai nt

)

USE FROM security_cl assificati on_schena(
security classification_|evel

)

USE FROM appr oval _schena(
appr oval ,
appr oval _per son_or gani zat i on,
approval _date_ti e,
appr oval _st at us,
approval _role

)

USE FROM act i on_schena(
action,
acti on_net hod,
execut ed_acti on,
acti on_resource,
action_rel ati onship

)

USE FROM per son_or gani zat i on_schena(
addr ess,
per sonal _addr ess,
or gani zat i onal _addr ess,
organi zati on,
per son,
per son_and_or gani zat i on,
per son_and_or gani zati on_rol e

);

USE FROM dat e_t i ne_schena(
dat e,
date_and_ti ne,
cal endar _dat e,
coor di nat ed_uni ver sal _ti ne_of f set,
| ocal _tine,
date_tine_role

);

USE FROM gr oup_schema(
group
)

USE FROM neasur e_scheng;

USE FROM r epr esent at i on_schena(
gl obal _uncertai nty_assi gned_cont ext,
representation,
representati on_item
repr esent ati on_nap,
representation_rel ati onship,
nmapped_iten;

USE FROM geonet ry_schena(
geonetric_representati on_context);
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USE FROM ai c_nani fol d_surf ace;

USE FROM pr oduct _st ruct ur e_schema(
next _assenbl y_usage_occurrence

)

USE FROM nat eri al _property_defi niti on_schena(
property _definition_rel ationship,
nmateri al _property,
nat eri al _desi gnati on,
nmat eri al _desi gnati on_characteri zation);

USE FROM nat eri al _property_represent ati on_schena(
nmateri al _property_representation,
dat a_envi r onnent

);

USE FROM qual i fi ed_measur e_schema(
neasure_representation_item

)

USE FROM present ati on_resour ce_schena(
col our_rgb

)

USE FROM ki nemat i c_st ruct ure_schema(
nmechani sm
ki nemat i c_ground_representati on,
ki nemati c_j oi nt,
ki nemati c_link_representation_association,
Ki nematic_pair,
revol ute_pair,
revol ut e_pair_range,
revol ut e_pair_val ue,
prismatic_pair,
prismatic_pair_range,
prismatic_pair_val ue

)

USE FROM | SO 13584 _expr essi ons_schena(
int_literal,
i nt_nuneric_vari abl e,
real _nuneric_vari abl e,
power _expr essi on,
pl us_expr essi on,
mul t _expr essi on

)

*
( Note 12 - The schemas referenced above can be found in the following Parts:
SCHEMA name 1S0 10303 part

SI R _product _versi on_schema SIR

SI R _paraneteri zed_functi on_schema SIR

SI R _net wor k_nodel _schena SIR

SI R property_schema SIR

SI R _at o_canpai gn_schena SIR

SI R _neasur e_schenn SIR

SI R _space_ni ssi on_schena SIR

SI R_bool ean_sur faces_schem SIR

SI R thernal _radi ati ve_neshi ng_schema SIR
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SCHEMA name 180 10303 part
SI R _col our _assi gnment _schema SIR

SI R ki nenati cs_schema SIR

appl i cati on_cont ext _schenma SO 10303-41
neasur e_schema 1SO 10303-41
product _property_definition_schema SO 10303-41
managenent _resour ces_schenma 1SO 10303-41
product _property_representation_schema SO 10303-41
docunent _schena 1SO 10303-41
product _definition_schema 1SO 10303-41
action_schem 1SO 10303-41
approval _schema SO 10303-41
geonetry_schena 1SO 10303-42
group_schena SO 10303-41
representati on_schena 1SO 10303-43
per son_or gani zat i on_schenma SO 10303-41
date_tine_schem 1SO 10303-41
mat eri al _property_definition_schema SO 10303-45
mat eri al _property_representation_schema 1SO 10303-45
qual i fi ed_nmeasure_schena 1SO 10303-45
present ation_resource_schema 1SO 10303-46
ki nematic_structure_schema 1SO 10303-105
ai c_mani fol d_surface 1SO 10303-509
1 SO 13584_expr essi ons_schenma 1SO 13584-20

521 Fundamental concepts and choices
This subclause contains normative statements about the way to create valid instances of entities defined
inthe AIM schema. Other explanations and advices are provided in the informative annex K.

5211 Parametersand result of functions
The parameters and the result of a parameterized function are considered in this protocol as variables.
The definition of a variable of a function has several aspects. A variable has a formal identification
suitable for the expression of the function (e.g. y=F(X) ). It has also a semantics associating it with a
quantity.
The identification of a variable shall be mapped as a subtype of numeric_variable (defined in 1SO
13584-20). The semantics shall be defined, in the context of this protocol, as a reference to a
SIR_property_usage.
The combination of both aspects shall be transferred using SIR_variable.

5212 Polynomial functions
The resources used to map the application object have a structure quite different from the structure
proposed inthe ARM.
A polynomia function shall be mapped as an instance of SIR_polynomial_function.
The polynom shall be transferred as an instance of numeric_expression where the components of the
polynom shall be mapped using
- plus_expression, mult_expression, power_expression for the operations
- subtypes of literal_number for the coefficients,
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5213

5214

5215

5216

5217

- SIR_variablefor the formal parameters,
- comparison_less equal to describe the lower bounds,
- comparison_greater _equal to describe the upper bounds.

For the bounds, the first operand of the expression shall be a subtype of literal_number, the second
shall be a SIR_variable defined as one of the parameters of the function.

The degree of the polynomial shall appear in apower_expression asanint_literal.
Property classes

This protocol distinguishes the definition of a class of property and its usage in a given context.

For example, Length is a class of property; Radius is a usage of the class of property Length in a
context where some axisymmetric geometry is described.

In this protocol, the context of usage of a property class shall bea SIR_space mission_case.

Therefore, aclass of property shall be transferred as a subtype of SIR_property_class and ausage of a
property class shall be transferred asa SIR_property_usage.

Relating a product to itsvarious properties

Product and the related entities are the root of every STEP schemas; it upgrades the concept of model
found in present CAD systems and in present neutral file exchange standards. The concept of Product is
required to deal with configuration management and with multi-representation.

In thisAIM, three kinds of products are considered:

¢ thesatellites or any of their components,

¢ thecelestial bodies,

¢ the materials (envisioned as raw materials).

A product shall have one or several SIR_product_versions. These SIR_product_versions gather
views of the same version of the product. These views, e.g. mechanical view, thermal view, ..., shall bee
defined as instances of the entity product_definition. This entity shall be referred to by one or severa
instances of property_definition corresponding to different representations of the product, e.g CAD
model, FEA model, ...

Celestial bodies

A celestial body shall be transferred as a product belonging the product category ‘CELESTIAL
BODIES'. This  classification shall be done through an instance  of
product_related_product_category.

Two instances of product_definition shall be created to deal respectively with the gravitational data
and the thermal data.

Representations

The representations shall be transferred as instances of representation or its subtypes
shape representation and manifold_surface shape representation. The connection with
property definition shall be made through property definition_representation or its subtypes
shape _definition_representation or material_property_representation.

In the case of a representation used to transfer the values of physical quantities, the attribute
context_type of the associated representation_context shall have the value ‘ numerical data’.

Geometric models

If a geometric model does not contain any boolean construction surface nor any
boolean_difference_surface nor a geometric_submodel_usage with such a characteristic, it shall be
translated as amanifold_surface shape representation.
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5218

5219

Otherwise, it shall be transferred as a shape representation.

It is reminded that a manifold_surface shape representation shall contain one or more instances of
shell_based_surface models and shall not refer directly through its inherited attribute item to
advanced_faces. This implies that the surfaces of the geometric model shall be translated as
advanced_faces referred to by a closed_shell or an open_shell, these objects being referred to by a
shell _based surface model.

Sub_model occurences

The definition of a geometric sub-model shall be trandated in the same manner than the top-level
model.

An occurence of asub-model shall be translated as follows:

¢ the positioning aspect of the occurence will be processed as a representation_map, the mapped
representation of which is the manifold_surface shape representation (resp. the
shape representation) associated with the sub_model. This representation_map entity shall be
referred to by a mapped_item entity which becomes an item of the
manifold_surface shape representation (resp. the shape representation) entity associated with
the model. The mapping origin attribute of the representation_map shal be an
axis?2_placement_3d defining the origin and axis of the sub_model. The mapping_target attribute
of the mapped_item entity shal be an axis2_placement_3d defining the position of the
sub_model_occurencein the model.

* the configuration management aspect of the occurrence is out of the scope of the current rel ease of
the protocol. Therefore there will be no transfer of the associated information.

Surfaces

Surfaces defining the shape of the satellites will be transferred as manifold surfaces with topology as
defined in SO 10303-509.

Therefore:

e atriangle, rectangle, quadrilateral, disc, cylinder, cone, sphere or paraboloid shall be transferred as
an advanced_face.

¢ A compound_surface shell shall betransferred as a closed shell or an open_shell.

It must be noticed that each advanced_face, even if the underlying surfaceis closed, hasto be bounded
by aloop, the edges of which are defined by vertices associated with a cartesian_point.

The underlying surface of atriangle, arectangle, a quadrilateral shall be transferred as an instance of
plane. The geometry of the edges associated with the advanced_face shall be instances of line.

The underlying surface of a disc shall be transferred as an instance of surface of revolution, the
swept curve being aline. The geometry of the edges associated with the advanced_face shall be two
instances of line and one or two instances of circle.

The underlying surface of a cylinder shall be transferred as an instance of cylindrical_surface. The
geometry of the edges associated with the advanced_face shall be two instances of line and two
instances of circle.

The underlying surface of ashall be transferred as an instance of conical_surface. The geometry of the
edges associated with the advanced_face shall be two instances of line and one or two instances of
circle.

The underlying surface of a shall be transferred as an instance of spherical_surface. The geometry of
the edges associated with the advanced_face shall be two to four instances of circle.

The underlying surface of a disc or a paraboloid shall be transferred as an instance of
surface of _revolution, the swept curve being a parabola. The geometry of the edges associated with
the advanced_face shall be two instances of parabola and one or two instances of circle.
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5.21.10

52111

52112

5.2.1.13

Geometric construction point

Itisreminded that it is not allowed to transfer as an item of amanifold_shape representation, apoint
that is not referred to, indirectly or directly, by an advanced_face, ashell or an axis2_placement_3d.

Therefore, in the case of isolated (i.e. non referred to) geometric construction points, they shall be
either not transferred or transferred in a shape representation that shall not be a
manifold_surface shape representation.

Placement of a primitive_bounded_surface or of a boolean_result_surface

In the case where, in the application object, the attribute placement is specified, a
cartesian_transformation_operator_3d shall be instantiated to represent the displacement that shall
be applied to the surface (resp. to the result of the boolean operation).

The geometric transformation shall be defined as the transformation that maps the coordinate system of
the geometric model that contains the object onto the axis_placement specified by placement.

Therefore, the instance of cartesian_transfor mation_operator _3d shall be such:

e cartesian_transformation_operator_3d.axis3 is assigned the instance corresponding to
placement.z_axis_direction;

e cartesian_transformation_operator_3d\cartesian_transformation_operator.local_origin is assigned
the instance corresponding to placement.location;

e cartesian_transformation_operator_3d\cartesian_transformation_operator.axisl is assigned the
instance corresponding to placement.x_axis _direction;

¢ cartesian_transformation_operator_3d\cartesian_transformation_operator.axis2 is not specified ($);

e cartesian_transformation_operator_3d\cartesian_transformation_operator.scale is not specified or is
equal to 1.

Kinematic_model

In this version of the protocol, a kinematic_model is intended to represent the kinematic structure of a
space product. It is positioned in the coordinate system of the main body.

A kinematic_model shall be transferred as a mechanism.

It shall be referred as mechanism.containing_property to akinematic_property_definition.
Thiskinematic_property_definition shall be assigned to a product_definition of the main body.
Kinematic_property_definition.ground_definition shall refer to a characterized object with name
‘main body coordinate system’.

A kinematic_ground_representation shall be associated through a

kinematic_property representation_relation with the ground definition. Its context_of _items shall
refer toaTAS space coordinate system.

mechanism.base shall refer to a SIR_kinematic _link. The represented product of this latter entity
shall bethe product_definition of the main body.

Kinematic_link

A kinematic_link shall be transferred as a SIR_kinematic_link.

It shall be associated with a shape representation through a
kinematic_link_representation_association.

It shall refer as represented product either to a product_definition or to a
next_assembly usage occurrence. In the first case, this product_definition shall not be referred to a
next_assembly usage occurrence|product_definition_relationship.related _product_definition.
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52114 Material
The definition of a material shall be transferred as data associated with a product, using
material_designation.
The commercial name and the name of the supplier shall be transferred respectively through an
instance of TAS_commercial_name and TAS supplier.
5.2.1.15 Material_properties
They shall be transferred as instances of TAS _material_property.
The material properties shall be associated with the definition of a materia through instances of
material_property, material_designation_characterization and material_designation.
5.2.1.16 Assignment of units and uncertainties of geometric models
Units and uncertainties are assigned to the representation of a shape on a global basis. This shall be
tranglated creating a  complex instance  of geometric_representation_context,
global_unit_assigned context and global_uncertainty_assigned_context. Such an instance shall be
assigned as the context of amanifold_surface shape representation (resp. ashape_representation)
521.17 Assignment of unitsfor property classes
The units specified in the context of a space_mission_case for property classes, shall be transferred
through instances of SIR_unit_assignment.
5.2.2 TAS schema type definitions
5221 security_classified_item
The security_classified_item type provides amechanism to refer to the entities that can have a security
classification level associated with.
EXPRESS specification:
*)
TYPE security classified_item= SELECT (
S| R _nodel ,
Sl R _node,
SI R_node_rel ati onshi p,
SI R aspect,
SI R _at o_canpai gn,
SIR at o_case,
SI R at o_phase
);
END TYPE;
(*
5222 dated item
The dated_item type provides a mechanism to refer to the entities that can have a date_and_time
associated with.
EXPRESS specification:
TYPE dated_item = SELECT (
SI R _at o_canpai gn,
NRF_run,
SI R paraneteri zed_function
5-70 STEP-TAS-012-AP Release 2.4 (28 March 1997)



Clause 5 - Application Interpreted Model

5223

5224

5225

5.2.2.6

5.2.2.7

);
END_TYPE;
( *
approved_item

The approved_item type provides a mechanism to refer to the entities that can have an approval
associated with.

EXPRESS specification:

)

TYPE approved_item = SELECT (
SI R at o_canpai gn

)
END TYPE;

(*
sourced_item

The sourced_item type provides a mechanism to refer to the entities that are associated with an
information defining a contact person.

EXPRESS specification:

*)

TYPE sourced_item = SELECT (
SI R at o_canpai gn

)5
END _TYPE;

(*
named_item

The named_item type provides a mechanism to refer to the entities that can have a name associated
with, with using TAS_name_assignment.

EXPRESS specification:

*)

TYPE naned_i tem = SELECT (
NRF_run,
NRF_r un_sequence,
mechani sm
);

END _TYPE

(*
documented_item

The documented_item SELECT type provides a mechanism to identify entities that may be associated
with adocument.

Express specification:

)

TYPE docunent ed_i t em = SELECT(
SI R paraneteri zed_function);

END TYPE,

(*

supplied_item

The supplied_item SELECT type provides a mechanism to identify entities for which a commercia
designation or a supplier identification may be specified.

Express specification:
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*)
TYPE suppl i ed_i tem = SELECT(
mat eri al _desi gnati on);

END_TYPE;
(*
5228 coloured_item
The coloured_item SELECT type provides a mechanism to identify entities to which a colour may be
assign for presentation purposes.
Express specification:
*)
TYPE col oured_i tem = SELECT(
advanced_f ace) ;
END_TYPE;
(*
5.2.29 TAS radius of celestial_body
The TAS radius of celestial body SELECT type provides a mechanism that enables to specify the
radius of a celestial body either either as a length_measure with unit or as a
SIR_function_valued_property.
Express specification:
TYPE TAS radi us_of _cel estial _body = SELECT (
neasur e_representation_item
SIR function_val ued_property);
WHERE
WRL: ((' TAS_SCHEVA. MEASURE REPRESENTATI ON | TEM | N TYPECF(SELF)) AND
(* TAS_SCHEMA. LENGTH MEASURE WTH UNIT' I N TYPECF(SELF))) XCR
((* TAS_SCHEMA. SI R_FUNCTI ON_VALUED PRCPERTY' | N TYPECF(SELF)) AND
(SELR SI R function_val ued_property. property_usage. neani ng. rol es[ 1] . narre
= radius’) AND
(SELR SI R function_val ued_property. property_usage. property. nanme. name="length'));
END TYPE;
(*
Formal proposition:
WR1: aTAS radius of celestial_body shall either be:
* ameasure representation_item and simultaneously alength_measure with_unit, or
¢ a SIR function_valued property ‘such the valued property has for name ‘length’ and for
meaning ‘radius’.
Informal proposition:
IP1: in the case where the TAS radius of celestial _body is a SIR_function_valued_property,
SELFvaue shal refer to a SIR parameterized function that has one or two parameters
corresponding to the latitude or/and to the longitude of the considered celestial body.
5.2.2.10 TAS black _body surface temperature
The TAS black_body_surface temperature SELECT type provides a mechanism that enables to
specify the equivalent black body temperature of the surface of a celestial body either as a
thermodynamic_temperature measure with_unit or asaSIR_function_valued_property.
Express specification:
TYPE TAS bl ack_body_surface_tenperature = SELECT (
neasure_representation_item
SIR function_val ued_property);
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WHERE
WRL: ((* TAS_SCHENMA. MEASURE_REPRESENTATI CN | TEM | N TYPECH(SELF)) AND
(* TAS_SCHEVA. THERMCDYNAM C_TEMPERATURE MEASURE WTH UNIT' I N TYPECR(SELF))) XCOR
((* TAS_SCHENVA. SI R_FUNCTI N _VALUED PRCPERTY’ | N TYPECF( SELF)) AND
(SELR SI R function_val ued_property. property_usage. neani ng. rol es[ 1] . name =" bl ack
body surface tenperature’) AND

(SELR SI R function_val ued_property. property_usage. property. nane. name="t her nodynam
Cc tenperature’));

END TYPE;

(*

Formal proposition:

WR1: aTAS black_body_surface temperature shal either be:

* ameasure representation_item and simultaneously athermodynamic_temperature with_unit,
or

¢ a SIR_function_valued_property ‘such the valued property has for name ‘thermodynamic
temperature’ and for meaning ‘ black body surface temperature’.

Informal proposition:

IP1: in the case where the TAS black body surface temperature is a
SIR_function_valued_property, SELF.value shal refer to a SIR_parameterized_function that has
one or two parameters corresponding to the latitude or/and to the longitude of the considered celestial
body.

52211 TAS albedo_reflection_factor

TheTAS albedo_reflection_factor SELECT type provides a mechanism that enables to specify an
albedo reflection factor either asaratio_measure_with_unit or asa SIR_function_valued_property.
The constant or the function representing the albedo reflection factor shall bein the range[0.,1.].

Note 13 - The unit of the albedo reflection factor is deduced from the units of the quantities taken
into account in theratio.

Express specification:

*

TYPE TAS al bedo_reflection_factor = SELECT (
nmeasur e_representation_item
SIR function_val ued_property);
WHERE
WRL: ((* TAS_SCHEMA MEASURE REPRESENTATI ON I TEM | N TYPECF( SELF)) AND
(* TAS_SCHENVA RATI O MEASURE WTH UN T I N TYPECF( SELF))) XOR
((* TAS_SCHEMA. SI R_FUNCTI ON_VALUED PRCPERTY' | N TYPECR(SELF)) AND
(SELR SI R function_val ued_property. property_usage. meani ng. rol es[ 1] . nane = al bedo
reflection factor’) AND
(SELR SI R function_val ued_property. property_usage. property. nane. nane="ratio’));
END _TYPE
(*
Formal proposition:
WR1: aTAS albedo reflection_factor shall either be:

* ameasure representation_item and simultaneously aratio_ measure with_unit, or

* aSIR function_valued_property ‘such the valued property has for name ‘ratio’ and for meaning
‘albedo_reflection factor’.

Informal proposition:

IP1: in the case where the TAS albedo reflection_factor is a SIR_function_valued_property,
SELFvaue shal refer to a SIR _parameterized function that has one or two parameters
corresponding to the latitude or/and to the longitude of the considered celestial body;

IP2:inany case, aTAS albedo_reflection_factor shall bein therange [0.,1.].
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52212  TAS property value

The TAS property_value SELECT type provides a mechanism to refer to the entities that may carry
the value of amaterial property.

Express specification:
*)
TYPE TAS property_val ue = SELECT(
SI R _nunber _val ued_property,
SI R function_val ued_property,
SI R string_val ued_property

)
END_TYPE;

(*

5.2.3 TAS schema entity definitions
5231 TAS security assignment

A TAS security_assignment isakind of security_classification_assignment that enablesto assign a
security_classification_level to security _classified_items.

The following values are permitted for specifying the security level:

¢ ‘unclassified’: identifies the classification level for which no security is necessary;

e ‘classified: identifies the classification level for which security is necessary but the classification
details are not given;

e ‘proprietary’: identifies the classification level for which the disclosure of information about the
assigned items would risk an organization’s market or competitive advantage ;

¢ ‘confidentid’: identifies the classification level for which the disclosure of information about the
assigned items would cause damage to national or organizational security;

e ‘secret’: identifies the classification level for which the disclosure of information about the assigned
items would cause serious damage to national or organizational security ;

* ‘top _secret’: identifies the classification level for which the disclosure of information about the
assigned items would cause exceptionally grave damage to national or organizational security;

EXPRESS specification:
ENTI TY TAS security_assi gnment
SUBTYPE CF (security_classification_assignnent);
itens: SET[1:?] OF security classified_item
WHERE
WRL:
SELR security_cl assification_assignnent. assigned _security_classification.security_
l evel . name I N
[“unclassified ,'classified , ' proprietary’ ,’confidential’, secret’,’top_secret’];
END ENTI TY,
(*
Attribute definitions:
items: specifies a set of security classified_item to which a security level is assigned.

Formal proposition:
WR1: the name of the security level assigned to items shall be one of the following values:
‘unclassified’, classified’, proprietary’, confidential’, secret’,'top_secret’.
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5232

5233

5234

5235

TAS date assignment

A TAS date assignment is a kind of date and_time assignment that enables to assign a
date_and_timeto dated_items.

EXPRESS specification:
*
ENTI TY TAS dat e_assi gnnent
SUBTYPE CF (date_and_ti ne_assi gnrent);
itens: SET[1:?] OF dated_item
END_ENTI TY;
(*
Attribute definitions:
items: specifiesa set of dated_itemsto which adate and_timeis assigned.

TAS approval_assignment

A TAS approval_assignment is akind of approval_assignment that enables to assign an approval
to approved_items.

EXPRESS specification:

ENTI TY TAS_appr oval _assi gnment
SUBTYPE COF (approval _assi gnment);
itens: SET[1:?] OF approved_item
END_ENTI TY;
(*
Attribute definitions:
items: specifies a set of approved_itemsto which an approval is assigned.

TAS contact_assignment

A TAS contact_assignment is a kind of person_and_organization_assignment that enables to
identify a contact for a sourced_items.

EXPRESS specification:

*
ENTI TY TAS cont act _assi gnnent
SUBTYPE OF (person_and_or gani zati on_assi gnrrent ) ;
itens: SET[1:?] CF sourced_item
WHERE
WRL:
SELF\ per son_and_or gani zat i on_assi gnnent . r ol e. nane=" cont act _per son/ or gani zati on’ ;
END_ENTI TY;
(*
Attribute definitions:
items: specifies a set of sourced_itemsto which a contact person_and_organization is assigned.

Formal proposition:
WR1: therole of the assigned person_and_organization shall be ‘ contact_person/organization’.

TAS name_assignment

A TAS name assignment is a kind of name assignment that enables to assign a name to
named_items.

EXPRESS specification:
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*
ENTI TY TAS nare_assi gnnent
SUBTYPE CF (nane_assi gnnent) ;
itens: SET[1:?] OF naned_item
END_ENTI TY;
(*
Attribute definitions:
items: specifies a set of named_items to which aname is assigned.

5.2.3.6 TAS commercial_designation
A TAS _commercial_designation is a kind of name_assignment that enables to assign a commercial
name to supplied_items.
EXPRESS specification:
ENTI TY TAS commer ci al _desi gnati on
SUBTYPE COF (nane_assi gnnent) ;
itens: SET[1:?] OF supplied_item
END_ENTI TY;
(*
Attribute definitions:
items: specifies a set of supplied_itemsto which acommercial name is assigned.
5237 TAS supplier
A TAS supplier isakind of organization_assignment that identifies an organization in its role of
supplier of supplied_items.
EXPRESS specification:
ENTI TY TAS supplier
SUBTYPE OF (organi zation_assi gnnent);
itens: SET[1:?] OF supplied_item
WHERE
WRL: SELR organi zati on_assi gnrment. rol e. nane = ‘ supplier’
END_ENTI TY;
(*
Attribute definitions:
items: specifies a set of supplied_itemsto which acommercial nameis assigned.
Formal proposition:
WR1: therole of the organization with respect to the supplied items shall be ‘ supplier’.
5.2.3.8 TAS document_reference
A TAS document_referenceis akind of document_reference that enables to associate a document
with documented_items.
EXPRESS specification:
ENTI TY TAS docurent _r ef erence
SUBTYPE CF (docunent _ref erence);
docunented_itens: SET[1:?] COF docunented_item
END_ENTI TY:
(*
Attribute definitions:
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documented_items: specifies a set of documented_items adocument is associated with.

5239 TAS colour_assignment

A TAS colour_assignment is a kind of SIR_colour_assignment that assign, for presentation
purposes, a colour_rgb to a set of coloured_items.

The method for displaying the coloured_items and the other characteristics of their graphical aspect
are not specified.

Note 14 - A reading interface is therefore let free as regards the way to deal with this information.

EXPRESS specification:

*

ENTI TY TAS col our _assi gnnent
SUBTYPE OF (SI R col our_assi gnnent);
itens: SET[1:?] COF coloured_item
SELR SI R _col our _assi gnnment . assi gned_col our: col our_rgb;
END_ENTI TY;
G
Attribute definitions:
items: specifies a set of coloured_itemsto which a colour is assigned.

SEL F\SIR_colour_assignment.assigned_colour: specifies the colour_rgb that is assigned;

5.2.3.10 TAS model_product_relationship

A TAS model_product_relationship is a kind of property definition_representation that enables
to associate a SIR_model of a congtituent of a SIR_model with a product_definition or a
shape_aspect, in order to specify that this representation or this element of representation represents a
particular product or a portion of the shape of the product.
Note 15 - This entity is similar to the entity NRF_model_product_relationship in the protocol
STEP-NRF with the main addition that the relationship may be made with a shape aspect. This
enablesto associate a SIR_thermal radiative face set with ashape aspect.

EXPRESS specification:

*

ENTI TY TAS nodel _product _rel ati onshi p
SUBTYPE OF (property definition_representation) ;
WHERE

WRL: SELR property _definition_representation.definition.description= shape
description for space m ssion case';
WR2: S| ZECF([ ' TAS_SCHENVA. PRCDUCT_DEFI NI TI ON', ' TAS_SCHEMA. SHAPE_ASPECT’ | *
TYPECH( SELF\ property_definition_representation.definition.definition))=1;
WR3: (' TAS_SCHEMA. SIR MCDEL' IN
TYPECF( SELRF\ property_definition_representation.used_representation)) XOR
((SI ZECF( SELR\ property_definiti on_representation. used_representation.itens)=1)
AND
(Sl ZECH([' TAS_SCHENMA. SI R_NCDE |, ' TAS_SCHEMA. SI R_ NCDE_RELATICNSH P, ' TAS SCHEMA. SIR_
SUBMCDEL_USAGE | * TYPECH( SELR\ property_definition_representation. used_representatio
nitens[1]))=1));
END_ENTI TY;
(*
Formal propositions:
WR1: the name of the property_definition referred to by the TAS model_relationship shall be

‘product description for space mission case’;

WR2: the property_definition referred to by the TAS model_relationship shall be a property of a
product_definition or of ashape aspect;
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WRS3: the representation referred to by the TAS model_relationship shall beaSIR_model or it shall
contain only one element in items and the only element of items shall be of type SIR_node or
SIR_node relationship or SIR_submodel_usage.

52311 NRF_run
A NRF_runisakind of executed_action made with the data of aSIR_ato_phase.
EXPRESS specification:
ENTI TY NRF_run
SUBTYPE OF (executed_action);
DER VE
run_nane: SET CF | abel := get_nanes( SELF);
creator_tool _or_facility: SET CF action_resource: = get_tool s( SELF);
timestanp: SET OF date_and_time := get_timestanps(SELF);
I NVERSE
subj ect _associ ation: NRF_run_phase FOR assi gned_acti on;
results_association: NRF_run_results FCR assigned_acti on;
UN QUE
URL: SELR action. name, subject_associ ati on;
WHERE
WRL: SI ZEGF(run_nane) = 1;
WR2: Sl ZEGF(creator_tool _or_facility) = 1;
WR3: SI ZECH(timestanp) = 1;
END_ENTI TY:
(*
Attribute definitions:
run_name: specifies a set of labels assigned to the NRF_run;
creator_tool_or_facility: specifies a set of action_resour ce that refer to the NRF_run;
timestamp: specifies a set of date_and_time assigned to the NRF_run;
subject_association: specifiesthe NRF_run_phase that refersto the NRF_run;
results association: specifiesthe NRF_run_resultsthat refersto the NRF_run.
Formal propositions:
URZ1: there shall not be more than one NRF_run with the same id and subject;
WR1: there shall be exactly onelabel assigned to the NRF_run asrun_name;
WR2: there shall be at most one action_resour ce assigned to the NRF_run;
WR3: there shall be exactly one date_and_time assigned to the NRF_run.
5.2.3.12 NRF_run_phase
A NRF_run_phaseis a kind of action_assignment that associates a NRF_run with the SIR_phase
that is the subject of the run.
EXPRESS specification:
ENTI TY NRF_run_phase
SUBTYPE CF (action_assi gnnment);
subj ect: SIR ato_phase;
SELF acti on_assi gnnent . assi gned_acti on: NRF_run;
END_ENTI TY:
(*
Attribute definitions:
subject: specifiesthe SIR_phase for which the NRF_run has been executed.
SEL F\action_assignment.assigned_action: specifies the considered NRF_run.
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5.2.3.13

52314

5.2.3.15

NRF_run_results

A NRF_run_resultsisakind of action_assignment that associates a NRF_run with the SIR_aspect
that results from the run.

EXPRESS specification:
ENTI TY NRF_run_resul ts
SUBTYPE CF (action_assignment);
results: SET[1:?] COF SIR aspect;
SELF\ acti on_assi gnnent . assi gned_acti on: NRF_run;
END_ENTI TY;
(*
Attribute definitions:
results: specifiesthe SIR_aspectsthat result from the NRF_run.

SEL F\action_assignment.assigned_action: specifies the considered NRF_run;

Formal propositions:
WR1: the assigned_action shall beaNRF_run.

NRF_run_sequence

A NRF_run_sequenceis akind of action that collects a set of one or more NRF_runs dealing with
SIR_phases belonging to the same SIR_ato_case.

EXPRESS specification:

*

ENTI TY NRF_run_sequence

SUBTYPE CF (action);

DER VE
sequence_nare: SET CF | abel := get_nanes( SELF);

| NVERSE
subj ect _associ ation: NRF_run_sequence_case FCR assi gned_acti on;
sequence: SET[1:?] OF NRF_run_in_sequence FOR rel ating_action;

UN QUE

URL: SELR action. nane, subject_associ ati on;
WHERE

WRL: S| ZECF(sequence_nane) = 1;
END _ENTI TY;

(*

Attribute definitions:

sequence_name: specifies a set of labels assigned to the NRF_run;

subject_association: specifiesthe NRF_run_sequence _case that refersto the NRF_run_sequence;
sequence: specifies a set of one or more NRF_run_in_sequences that specify the NRF_runsthat are
included in the NRF_run_sequence.

Formal propositions:

URZ1: there shall not be more than one NRF_run_sequence with the same SEL F\action.name and
subject;

WR1: there shall be exactly one label assigned to the NRF_run_sequence as sequence_name.

NRF_run_sequence case

A NRF_run_sequence case is a kind of action_assignment that associates a NRF_run_sequence
withthe SIR_ato_case that is the subject of the runs included in the sequence.
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EXPRESS specification:
ENTI TY NRF_run_sequence_case
SUBTYPE CF (action_assignment);
subj ect: SIR ato_case;
SELF act i on_assi gnnent . assi gned_acti on: NRF_run_sequence;
END _ENTI TY:
(*
Attribute definitions:
subject: specifiesthe SIR_ato_case for which the NRF_run_sequence has been executed;

SEL Flaction_assignment.assigned_action: specifies the considered NRF_run_sequence.

5.2.3.16 NRF_run_in_sequence
A NRF_run_in_sequence is a kind of action_relationship that associates a NRF_run with the
NRF_run_sequence that it is amember of.
EXPRESS specification:
ENTI TY NRF_run_i n_sequence
SUBTYPE COF (action_rel ationship);
SELR action_rel ati onshi p.rel ati ng_acti on: NRF_run_sequence;
SELR action_rel ati onship.rel ated_acti on: NRF_run;
WHERE
WRL: rel ated_acti on. subj ect _associ ati on. subj ect. of _case : =:
rel ating_action. subj ect _associ ati on. subj ect ;
END_ENTI TY:
(*
Attribute definitions:
SEL F\action_relationship.relating_action: specifiesthe considered NRF_run_sequence;
SEL F\action_relationship.related_action: specifies a NRF_run that is a member of the
NRF_run_sequence.
Formal propositions:
WR1: the SIR_ato_phase, subject of the related NRF_run shall refer to the SIR_ato_case that isthe
subject of the NRF_run_sequence.
5.2.3.17 TAS space _coordinate system
A TAS space coordinate_system entity defines a reference coordinate system used in the definition
of orbit trajectories and spacecraft attitudes.
As, it is a subtype of geometric representation_context, the rule TAS dimensionality is 3 aso
appliesto any instance of TAS space coordinate _system.
EXPRESS specification:
ENTI TY TAS space_coor di nat e_system
SUBTYPE CF (georretric_representation_context);
WHERE
WRL: (SELR\representati on_context.context_type = ‘star centric inertia ecliptic wth
gamma 50 vernal equinox’' ) CR
(SELR\representati on_context.context_type = ‘star centricinertia ecliptic wth ganma 2000
vernal equinox' ) CR
(SELR\representati on_context.context_type = ‘star centric inertial ecliptic wth TCD
verna equinox' ) CR
(SELR\ representati on_cont ext.context_type = ‘planet centricinertia eclipticwth ganma 50
vernal equinox' ) CR
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5.2.3.18

(SELR\representati on_context.context_type = ‘planet centric inertial ecliptic wth
ganma_2000 vernal equinox’) OR

(SELR\representati on_context.context_type = ‘planet centric inertial ecliptic wth TCD
verna equinox') CR

(SELR\representati on_context.context_type = ‘planet centric inertial equatoria wth
gamma 50 vernal equinox’ ) CR

(SELR\representati on_context.context_type = ‘planet centric inertial equatoria wth
ganma_2000 vernal equinox') OR
(SELR\represent ati on_cont ext . cont ext _t ype
verna equinox') CR

(SELR\ represent ati on_cont ext. cont ext _t ype
(SELR\ represent ati on_cont ext . cont ext _t ype
(SELR\represent ati on_cont ext. cont ext _type
END_ENTI TY:

(*

Formal propositions:

WR1: theinherited attribute context_type shall be either:
¢ ‘daoaticinatid edipicwithgamma S0vard equinax’ o

¢ ‘daaaticinatid edipicwithgamma 2000vard equinax’ o

¢ ‘dacaticinatid edipticwith TOD vard equinox' o

¢ ‘pangtoatricinatid edipicwithgamma SOvard equinax’ o

¢ ‘pangtoatricinatid edipicwithgamma 2000verd equinox' o
¢ ‘pagoatricinatid edipicwith TOD vard equinox or

¢ ‘pargtoatricinatid equetarid withgamma S0vamd equinax’ o

¢ ‘pangoatricinatid eguetarid withgamma 2000vard equinax’ or
¢ ‘pagoatricinatid equetarid with TOD verd equinax or

¢ ‘pangtoatricda fixedediptic or

¢ ‘pangoatricda fixedequetond’ o

¢ ‘padoaticlocd’.

‘planet centric inertial equatorial wth TCD

‘planet centric star fixed ecliptic’) CR
‘planet centric star fixed equatorial’ ) CR
“planet centric loca’);

TAS gravitational_constant

A TAS gravitational_constant entity is the result of the product of the Newtonian constant of
gravitation with the mass of a celestial body.

Its dimension isL3* T2,

EXPRESS specification:
*
ENTI TY TAS gravitational _const ant
SUBTYPE OF (neasure_representation_itenj;
DER VE
di mens: di nensi onal _exponents : =
deri ve_di nensi onal _exponent s( SELR\ neasure_wi t h_uni t. uni t _conponent);
WHERE
WRL: SELR neasure_with_unit.val ue_conponent >O0.;
WR2: di mens. | engt h_exponent =3;
WR3: di mens. ti me_exponent =- 2;
WR4: (di mens. mass_exponent =0) AND (di mens. el ectri c_current_exponent =0) AND
(di nens. t her nodynani c_t enper at ur e_exponent =0) AND
(di mens. amount _of _subst ance_exponent =0) AND (di mens. | um nous_i nt ensi ty_exponent =0)

END_ENTI TY;

(*

Attribute definitions:

dimens. specifies the exponent of each of the seven fundamental quantities, in the dimensiona
equation of the unit of the measure;
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Formal propositions:

WR1: the value of the measure shall be greater than O;

WR2: the exponent of length in the dimensional equation shall be equal to 3;
WR3: the exponent of time in the dimensional equation shall be equal to -2;
WR4: the other exponents shall be zero.

5.2.3.19 TAS revolution_period
A TAS revolution_period is the measure of the time needed to make a complete circular or eliptic
revolution .
EXPRESS specification:
ENTI TY TAS revol uti on_period
SUBTYPE CF (neasure_representation_iten);
WHERE
WRL: SELR neasure_with_unit.val ue_conponent >O0.;
WR2: “ TAS_SCHEMA TI ME_MEASURE WTH N T | N TYPECR( SELF) ;
END_ENTI TY;
(*
Formal propositions:
WR1: the value of the measure shall be greater than O;
WR2: the revolution period shall be expressed asatime_measure_with_unit.
5.2.3.20 TAS notional_distance
A TAS notional_distance is the measure of the distance to be used for calculation of the thermal flux
coming from a celestial body.
EXPRESS specification:
ENTI TY TAS noti onal _di st ance
SUBTYPE COF (neasure_representation_itenj;
WHERE
WRL: SELR neasure_with_unit.val ue_conponent >O0.;
WR2: * TAS_SCHEMA. LENGTH MEASURE WTH UNL T | N TYPEOR( SELF) ;
END_ENTI TY:
(*
Formal propositions:
WR1: the value of the measure shall be greater than O;
WR2: the notional distance shall be expressed as alength_measure with_unit.
52321 TAS thermal_flux
A TAS_thermal_flux is the measure with unit of athermal radiation flux.
Its dimensional expression of which being M.T2.
EXPRESS specification:
ENTI TY TAS_t her mal _f | ux
SUBTYPE CF (neasure_representation_iteny;
WHERE
wl: ‘' TAS SCHEMA NAMED UN T | N TYPECH( SELR neasure_wi t h_uni t. uni t _conponent);
W 2:
(SELR\ neasure_wi th_unit. unit_conponent\ naned_uni t. di nensi ons. mass_exponent = 1)
AND
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(SELR\ neasure_wi th_unit.unit_conponent\ naned_unit.
AND

(SELR\ measure_wi th_unit. uni t_conponent\ naned_unit.
AND

(SELR\ measure_wi th_unit. uni t_conponent\ naned_unit.
nent = 0) AND

(SELR\ neasure_wi th_unit.unit_conponent\ naned_unit.
ture_exponent = 0) AND

(SELR\ measure_wi th_unit. uni t_conponent\ naned_unit.
xponent = 0) AND

(SELR\ measure_wi th_unit. unit_conponent\ naned_unit.
ponent = 0);

END_ENTI TY;

(*

Formal propositions:

wr 1: the unit of aTAS thermal_flux shall beanamed_unit;

wr2: its dimensional exponents shall be M T3

5.2.3.22 TAS thermal_radiation_spectrum

di nensi ons
di mensi ons
di nensi ons
di nensi ons
di mensi ons

di mensi ons

.ti me_exponent = -3)
.l engt h_exponent = 0)
.electric_current_expo
. ther nodynani c_t enpera
.anount _of substance_e

.lum nous_intensity_ex

A TAS thermal_radiation_spectrum entity specifies the intensity of thermal electromagnetic

radiation as afunction of wavelength.
It isasubtype of SIR_function_valued_property.

EXPRESS specification:

*

ENTI TY TAS t hernal _radi ati on_spectrum
SUBTYPE CF (SI R function_val ued_property);
END_ENTI TY.

(*

Informal propositions :

| P1: the radiation spectrum shall be defined as a function of wavelength.

5.2.3.23 TAS evaluation_event

A TAS evaluation_event entity identifies a SIR_space mission_event that is an evaluation point (or

instant) for one or more TAS orbit_arcs.

EXPRESS specification:
*
ENTI TY TAS_eval uat i on_event
SUBTYPE CF (SI R event _assi gnment) ;
eval uated_itens: SET[1:?] OF TAS orbit_arc;
WHERE

wl: SELR SIR event_assignnent.rol e = ‘eval uation’

END _ENTI TY,;
( *
Attribute definitions:

evaluated items. set of one or more TAS orbit_arc that shal be evauated at the

SIR_space mission_aspect referred to as assigned _event;

Formal propositions:

wr 1: the name of the role of the event_assignment shall be ‘evaluation’.
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5.2.3.24

5.2.3.25

TAS orbit_governor

A TAS orbit_governor is arelationship between a property_definition that characterizes the shape
of an orbit arc and the property_definition characterizing a celestial body. The relationship states that
the celestial body governsthe orbit arc.

EXPRESS specification:
ENTI TY TAS orbit_gover nor
SUBTYPE COF (property_definition_relationship);
WHERE
WRL: description = ‘governing celestial body’;
WR2: relating_property_definition.description = ‘gravitational data’;
WR3: Sl ZEGF( QUERY(prop_rep <*
USEDI N(SELR\ property _definition_rel ati onship.related_property_definition,’ TAS SCHE
VA PROPERTY_DEFI NI TI ON_REPRESENTATI ON DEFINTION ) | NOT
(* TAS_SCHENVA. TAS CRBIT_ARC IN TYPECR(prop_rep)))) =0;
WR4: * TAS SCHENA TAS _CELESTI AL_BCDY' I N
rel ating_property_definition.definition.formation.of_product;
END_ENTI TY;
(*
Formal propositions:
WRZ1: description shall be the string ‘ governing celestial body’;
WR2: relating_property_definition.description shall be the string ‘ gravitational data’;
WR3: related_property_definition shall be aproperty_definition associated with aTAS _orbit_arc.

WR4: relating_property_definition shall refer to a property_definition assigned to a
TAS celestial_body.

TAS orbit_assignment

A TAS orbit_assignment is arelationship between aproperty_definition that characterizes the shape
of an orbit arc and a property_definition characterizing a TAS celestial_body_with_orbit. The
relationship states that the TAS celestial_body_with_orbit moves on the orbit arc.

EXPRESS specification:
*
ENTI TY TAS orbit_assi gnnent
SUBTYPE OF (property _definition_rel ationship);
WHERE
WRL: description = ‘orbit assignment’;
WR2: related_property_definition.description = ‘gravitational data’;
WR3: Sl ZECF( QUERY(prop_rep <*
USEDI N(SELF\ property_definition_relationship.relating_property definition,’ TAS SCH
EMA. PROPERTY_DEFI NI TI ON_REPRESENTATI N DEFINITICN ) | NOT
(* TAS_SCHEMA. TAS_CRBI T_ARC | N TYPECR(prop_rep)))) =0;
WRA: ‘ TAS SOHEMA. TAS CELESTIAL_BODY WTH GRBIT' IN
rel at ed_property_definition.definition.formnation.of_product;
END_ENTI TY:
(*
Formal propositions:
WR1: description shall be the string ‘orbit assignment’;

WR2: related_property_definition.description shall be the string ‘ gravitational data’;
WR3: relating_property_definition shall be aproperty_definition assocuated with aTAS orbit_arc.

WR4: related property definition shall refer to a property definition assigned to a
TAS celestial_body_with_or bit.
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5.2.3.26 TAS orbit_arc

A TAS orbit_arc specifies the generic information of an orbit arc. It is an abstract supertype of one of
TAS discretised_orbit_arcand TAS kepler_orbit_arc.

A TAS orbit_arc shal bereferred to by at least one SIR_mission_aspect, in order to get its context of
validity.

EXPRESS specification:

*

ENTITY TAS orbit_arc
ABSTRACT SUPERTYPE OF (ONECH( TAS discretised_orbit_arc, TAS kepler_orbit_arc))
SUBTYPE CF (property definition_representation);

DER VE
geomrep: shape_representation := SELF. used_representation;
orbit: characterized_object := SELF.definition.definition;
I NVERSE

eval uations: SET[0:?] O TAS eval uation_event FCR eval uated_itens;
space_m ssi on_aspect: SET[1:?] CF SI R space_m ssion_aspect FCR
characterized_obj ects;
WHERE
WRL: orbit\characterized_object.description IN[‘general’,’  geostationary’,’sun
synchronous’,’ nol niya'];
WR2: S| ZEOF( QUERY( pf <*
USEDI N( SELF, ' TAS SCHEMA PROPERTY DEFINTION DEFINTION ) |
S| ZECF( QUERY( pfr <*
USEDI N( pf , ' TAS_SCHEMA. PROPERTY_DEFI NI TI ON_RELATI ONSH P. RELATED PRCPERTY_DEFI NI TI CN
") | * TAS SCHEMA TAS ORBI T_GOVERNCR | N TYPECF(pfr) )) >0 )) =1;
WR3: * TAS_SOHEMA. TAS_SPACE_OOCRDI NATE_SYSTEM | N
TYPECF(geom rep. cont ext _of _itens);
WR4A: ((geomrep\representation. context_of itens.context_type IN [‘pl anet
centric star fixed ecliptic’, ‘planet centric star fixed equatorial’]) AND
(SI ZECF(QUERY(it <* geomrep\represntation.itens | (it.nane = ‘star spherical
right ascension’) AND
(* TAS_SCHEMA. PLANE_ ANGLE MEASURE WTH UNI T IN TYPECF(it)) )) =1)) XCR
(SI ZECF(QUERY(it <* geomrep\represntation.itens | (it.name = ‘star spherical right
ascension’) AND (‘ TAS SCHEMA PLANE_ANGLE MEASURE WTH UNT' I N TYPECR(it)) )) =0);
WRS: SIZECF(QUERY(it <* geomrep\represntation.itens | (it.nanme = ‘star
spherical declination’) AND (‘TAS SCHEMA PLANE ANGLE MEASURE WTH UNIT IN
TYPECR(it)) )) <=1;
WR6: SI ZECF(QUERY(it <* geomrep\represntation.itens |
(* TAS_SCHEMA TAS REVOLUTION PERIQD I N TYPEQR(it)) )) <=1;
END_ENTI TY;
(*
Attribute definitions:
geom_rep: derived attribute identifying the shape representation which contains the data defining
the shape of the orhit arc;
orbit: derived attribute that identifies the char acterized_object that is depicted by the TAS orbit_arc;
evaluations: specifies a set of 0 to many TAS evaluation_event that each identifies a space mission
event where evaluation shall take place;

space mission_aspect: specifies a set of one or more SIR_mission_aspects that refer to the
TAS orbit_arc through its attribute characterized _objects.

Formal propositions:

WR1: the description attribute of orbit shall have one of the following values. ‘ganad’,’ geodationary’,’an
s/ndyonos o'maniyd;

WR2: the TAS orbit_arc shall be referred to by extay one TAS orbit_governor as
related_property_definition.definition;

WR3: aTAS orbit_arc shall haveaTAS space coordinate system as context of geom_rep.
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WR4: if the coordinate system is ‘ planet centric fixed ecliptic’ or ‘planet centric fixed equatorial’ then
geom rep shall contain one item with name ‘star spherical right ascension’ and of type
plane_angle measure_with_unit. Otherwise geom_rep shall not contain such an item;

WRS5: geom rep shall contain at most one item with name ‘star spherical declination’ and of type
plane _angle measure with_unit;

WRG6: geom_rep shall contain at most one item of type TAS revolution_period.

5.2.3.27 TAS discretised_orbit_arc
A TAS discretised_orbit_arc entity is a specialization of TAS_orbit_arc which defines the orbit as a
list of computation positions and velocity vectors. A set of Kepler orbit parameters may be associated
for information, in a representation associated with the representation defining the orbit.
EXPRESS specification:
ENTI TY TAS discretised_orbit_arc
SUBTYPE OF (TAS orbit_arc);
WHERE
wl: Sl ZEOF(QUERY(repr_item <*
SELR\ TAS orbit_arc.geomrep\representation.itens |
S| ZECF([ * TAS_SCHEMA. TAS PCSI TICN_AND VELQO TY',
‘ TAS_SCHEMA. DESCRI PTI VE_REPRESENTATI ON_| TEM ] * TYPECH(repr _i tem) ) <>2)) =0;
w2: TAS valid_associ at ed_kepl er _set (SELF);
END_ENTI TY:
(*
Formal propositions:
wrl: the items of geom rep shall contain a TAS position and velocity and a
descriptive representation.item;
wr2: in the case where the representation is referred to by a representation_relationship, then the
atribute  representation_relationship.description shall be equal to ‘association with
unperturbed_orbit_data’ and the items of the related representation shall be a TAS kepler_set
instance.
5.2.3.28 TAS kepler_orbit_arc
A TAS kepler_orhit_arcisaspecialisation of TAS orbit_arc where the orbit arc is defined by a set
of keplerian parameters (TAS kepler_set).
EXPRESS specification:
ENTI TY TAS kepl er_orbit_arc
SUBTYPE CF (TAS orbit_arc);
WHERE
wl: SIZECF(SELR\ TAS orbit_arc.geomrep\representation.itens) = 1;
w2: Sl ZECF( QUERY(rep_item <* SELF\ TAS orbit_arc.geomrep\representation.itens
| NOT (* TAS _SCHEMA TAS KEPLER SET" IN TYPECF(rep_iten)))) =0;
END_ENTI TY:
(*
Formal propositions:
wr 1: the representation associated with the orbit shall have exactly one item;
wr2: thisitem shall beaTAS kepler _set.
5.2.3.29 TAS celestial_body
A TAS_celestial_body is acelestial body, as depicted within the context of thermal radiative analyses.
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5.2.3.30

52331

EXPRESS specification:
ENTI TY TAS cel esti al _body
SUBTYPE CF (product);
I NVERSE
category: product_rel ated_product _category FCR products;

w 1l: category\product_category.nane = ‘celestial bodies’;

w2: Sl ZEOF(QUERY(pc <* SELF.frane_of _reference | (pc.discipline_type =
‘orbitography’) AND (pc\application_context_el enent.name = ‘thermal radiative
studies’) AND (pc\application_context_elenent.frame_of _reference. application =
‘space products devel opnent’))) =1;

WR3: S| ZEOF( QUERY( pdf <* USEDI N( SELF,
“ TAS_SCHEMA. PRODUCT_DEFI NI TI CN_FORMVATI CN. OF_PRCDUCT’ ) |
“ TAS_SCHEMA. SI R_PRCDUCT_VERSI CN' | N TYPECF(pdf ) ) ) >0;

WR4: valid_properties_of_cel estial _body(SELF);
END_ENTI TY;
(*
Attribute definition:
category: specifies the product related product category that is the category which a
TAS celestial_body shall belong to;

Formal propositions:

WR1: the name of the category shall be ‘celestial bodies’;

WR2: there shall be one element in frame_of _reference such:

¢ thereferred application context is ‘ space products devel opment’;

¢ the referred product_context has ‘thermal radiative analyses for name and ‘orbitography’ for
discipline_type;

WR3: there shall be at least one SIR_product_version that refersto the TAS celestial_body;

WRA4: aTAS celestial_body shall have one set of gravitational characteristics (i.e. it shall be related to
one TAS gravitational _aspects of celestial_body) and at most one set of thermal characteristics (i.e.
it shall be related to at most one TAS thermal_aspects of celestial_body), per instance of
SIR_product_version referring to it.

TAS celestial_body_with_orbit

A TAS celestial_body_with_orbit isakind of TAS celestial_body for which an orbit is specified as
aTAS orbit_arc.

EXPRESS specification:

*

ENTI TY TAS cel estial _body_wi th_orbit
SUBTYPE OF (TAS cel esti al _body);
WHERE
WRL: orbit_assigned_to( SELF);
END_ENTI TY:
(*
Formal proposition:
WRL1: specifies that each TAS celestial_body with_orbit is associated with one TAS orbit_arc
through an instance of TAS orbit_assignment.

TAS gravitational_aspects of celestial_body

A TAS gravitational_aspects of celestial_body is the identification of the gravitational data
characterizing a celestial body.

EXPRESS specification:
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*

ENTI TY TAS gravitational _aspects_of _cel esti al _body
SUBTYPE COF (property definition);
I NVERSE
prop_rep: property_definition_representation FOR definition;

WRL:
SELR property_definition. definition.franme_of _reference\application_context_el enent
.hame = ‘gravitation rel ated studies’;

WR2: SELR property definition.description = ‘gravitational characteristics’;
WR3: SI ZECF(QUERY(rep_it <* prop_rep.used_representation.itens |
(" TAS_SCHEMVA TAS RADI US CF CELESTIAL_BCDY |IN TYPECH(rep_it)))) =1;
WR4: Sl ZEOF(QUERY(rep_it <* prop_rep.used_representation.itens |
(* TAS_SCHENVA. TAS _GRAVI TATI ONAL_CONSTANT I N TYPECH(rep_it)))) =1,
WRS: SI ZECF(QUERY(rep_it <* prop_rep.used_representation.itens |
(" TAS_SCHEMA. TAS REVALUTION PER GO I N TYPECH(rep_it)))) <=1,
WR6: prop_rep.used_representation.context_of _itens.context_type = ‘numeri cal
data’;
WR7: ' TAS SCHEMA TAS CELESTI AL_BCDY' IN
TYPECF( SELR property_definition. definition.fornation. of _product);
END _ENTI TY;
(*
Attribute definitions:

prop_rep: specifies the property_definition_representation that shall refer to the entity through its
attribute definition.

Formal propositions:

WR1: the name of the context of the product_definition referred to through the attribute definition,
shall be ‘gravitation related studies’;

WR2: the description attribute of the entity shall be ‘ gravitational characteristics’;

WRS3: the representation associated with prop_rep shall contain one TAS radius of celestial_body;
WR4: the representation associated with prop_rep shall contain one TAS gravitational _constant;
WRS5: the representation associated with prop rep shal contain a most one
TAS sideral_rotation_period;

WRG: the context type of the representation associated with the
TAS gravitational_aspects of celestial_body shall be ‘numerical data’;

WRT7: the TAS gravitational_aspects of celestial_body shall be assigned to aTAS celestial_body.

5.2.3.32 TAS thermal_aspects of celestial_body
A TAS thermal_aspects of_celestial_body is the identification of the thermal data characterizing a
celestial body.
EXPRESS specification:
ENTI TY TAS t hermal _aspects_of _cel esti al _body
SUBTYPE CF (property_definition);
| NVERSE
prop_rep: property_definition_representation FOR definition;
WRL:
SELR property_definition.definition.frame_of _reference\application_context_el enent
.nanme = ‘thermal studies’;
WR2: SELR\ property_definition.description = ‘thermal characteristics’;
WR3: SI ZECF(QUERY(rep_it <* prop_rep.used_representation.itens |
(* TAS_SCHENVA. TAS BLACK BCDY_SURFACE_TEMPERATURE | N TYPECH(rep_it)))) =1,
WRA: Sl ZECF(QUERY(rep_it <* prop_rep.used_representation.itens |
(* TAS_SCHENVA. TAS _NOTI ONAL_DI STANCE I N TYPECF(rep_it)))) <=1;
WR5: Sl ZEOF(QUERY(rep_it <* prop_rep.used_representation.itens |
(* TAS_SCHENMA. TAS THERVAL_RADI ATI ON_SPECTRUM | N TYPECH(rep_it)))) <=1;
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5.2.3.33

WR6: prop_rep.used_representation.context_of _itens.context_type = ‘nunerical
data’;
WR7: ' TAS SCHENVA TAS CELESTI AL_BCODY' IN
TYPECQF( SELR property_definition. definition.formation.of product);
END_ENTI TY:
(*
Attribute definitions:
prop_rep: specifies the property_definition_representation that shall refer to the entity through the
attribute definition.

Formal propositions:

WR1: the name of the context of the product_definition referred to through the attribute definition,
shall be ‘thermal studies’;

WR2: the description attribute of the entity shall be ‘thermal characteristics’;

WR3: the representation associated with prop_rep shall contain one
TAS black_body surface temperature;

WRA4: the representation associated with prop_rep shall contain at most one TAS notional_distance;
WRS5: the representation associated with prop rep shal contain a most one
TAS thermal_radiation_spectrum;

WRG6: the context type of the representation associated with the
TAS thermal_aspects of celestial_body shall be ‘numerical data’;

WRT7: the TAS thermal_aspects of celestial_body shall be assigned to aTAS celestial_body.

TAS albedo reflector

A TAS albedo reflector entity specifies the parameters that define thermal radiation through albedo
reflection.

It is a subtype of product_definition_relationship, the relating_product_definition being the
product_definition defining the thermal aspect of the considered celestial body and the
related_product_definition being a thermal aspect of another celestial body (from which the albedo
reflection originates).

This entity has one mandatory property_definition (albedo_reflection_factor) and an optional one
(thermal radiation spectrum).

EXPRESS specification:
ENTI TY TAS al bedo_refl ect or
SUBTYPE CF (product_definition_relationship);
I NVERSE
properties: SET[1:?] CF property definition FOR definition;

wr1l: TAS valid_al bedo_refl ector(SELF);
END_ENTI TY;
(*
Attribute definitions:
properties: inverse attribute defining the set of instances of property_definition assigned to the
TAS albedo_reflector.

Formal propositions:
wr 1: the considered instance shall have the required structure and properties.
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5.23.34 TAS albedo reflection_data
A TAS albedo reflection_data is the association of arepresentation containing the data relevant for
the representation of the characteristics of aTAS albedo_reflector with the property_definition that
refersto aTAS albedo_reflector.
EXPRESS specification:
ENTI TY TAS al bedo_refl ection_data
SUBTYPE COF (property definition_representation);
WHERE
wl: SELR property_definition_representation.definition.description = *al bedo
refl ection characteristics’
w2 TAS_SOHEMA. TAS_ALBEDO REFLECTOR I N
TYPECH( SELF\ property_definition_representation.definition.definition);
wr3: Sl ZEOF( QUERY(i t <*
SELR property_definition_representation.used_representation.itens |
“ TAS_SCHEMA. TAS_ALBEDO REFLECTI ON_FACTCR I N TYPECF(it))) =1;
wr4: Sl ZEOF( QUERY(i t <*
SELR property_definition_representation.used_representation.itens |
‘ TAS_SCHEMA. TAS_THERVAL_RADI ATI ON_SPECTRUM | N TYPECF(it))) <=1;
END _ENTI TY;
(*
Formal propositions:
wr 1: the description attribute of the property_definition referred to as definition, shall be ‘abedo
reflection characteristics'’;
wr2: the entity referred to by this property_definition shall beaTAS albedo_reflector;
wr3: the representation referred to as used representation, shall contain one
TAS albedo reflection_factor;
wr4: the representation referred to as used representation, shall contain a most one
TAS thermal_radiation_spectrum;
5.2.3.35 TAS body_motion_representation
A TAS body motion_representation is a kind of property definition_representation that
associates a representation that depicts a rotation motion with a property _definition asigned to a
space product.
A TAS body _motion_representation shall bereferred to by at least one SIR_space mission_aspect,
in order to get its context of validity.
EXPRESS specification:
ENTI TY TAS body_notion_representation
SUBTYPE OF (property definition_representation);
| NVERSE
space_m ssi on_aspects: SET[1:?] OF SIR space_m ssion_aspect FOR
characteri zed_obj ects;
WHERE
wl: Sl ZEOF( QUERY(i t <*
SELR property_definition_representation.used_representation.itens |
(* TAS_SCHEMA. SI R ROTATI ON MOTION' ) I N TYPECR(it)))=1;
wr2: SELR property_definition_representation.definition.description =
‘continuous notion’;
wr3:
Sl ZECQF([ * TAS_SCHEVA. GEOMETRI C_REPRESENTATI ON_CONTEXT' , * TAS_SCHEMA. GLOBAL_UN T_ASSI
GN\ED_CONTEXT' ] * TYPECF( SELR property_definition_representation. used_representation.
context_of itens))=2;
END_ENTI TY;
(*
Attribute definitions:
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5.2.3.36

5.2.3.37

space mission_aspects. specifies a set of one or more SIR_space mission_aspect that refer to the
TAS body _motion_representation.

Formal propositions:

wr 1: the representation referred to as used_representation shall contain one SIR_rotation_motion in
itsitems;

wr 2 the property_definition referred to as definition shall have ‘ continous motion’ for name.

wr3: the context of the representation,referred to as used representation, shal be a
geometric_representation_context and aglobal_unit_assigned_context.

TAS thermal_environment

A TAS thermal_environment entity specifies is a kind of data_environment that defines a thermal
environment.

It shall be referred to by at least one SIR_space mission_aspect through its attribute
characterized_objects.

EXPRESS specification:
*
ENTI TY TAS t her mal _envi r onnment
SUBTYPE OF (data_environnent);
I NVERSE
space_m ssi on_aspects: SET[1:?] OF SIR space_m ssion_aspect FOR
characterized_obj ects;
WHERE
wl: Sl ZEOF(QUERY(pdr <* SELF\ data_environment. el enents |
‘ TAS_SCHEMA TAS_THERVAL_ENVI RONVENT_DATA | N TYPECR(pdr))) =1;
END_ENTI TY;
G
Attribute definitions:
space_mission_aspects: specifies a set of one or more SIR_space mission_aspect that refer to the
TAS thermal_environment.

Formal propositions:
wr 1: there shall be oneinstance of TAS thermal_environment_data in the set of elements.

TAS thermal_environment_data

A TAS thermal_environment_data is the association of a representation containing the data
relevant for the representation of the characteristics of a thermal environment with the
property_definition referring to the characterized object that identifies the thermal_environment.

EXPRESS specification:
*
ENTI TY TAS t her mal _envi ronment _dat a
SUBTYPE CF (property definition_representation);
WHERE
wl: SELR property_definition_representation.definition.description = "thernal
envi ronnment characteristics’;
wr2: ‘' TAS SCHEMA CHARACTERI ZED CBJECT' IN
TYPECF( SELR\ property_definition_representation.definition.definition);
wr3: Sl ZEQF( QUERY(i t <*
SELR property_definition_representation.used representation.itens |
‘ TAS_SCHEMA. THERMCDYNAM C_TEMPERATURE._ MEASURE WTH UNLT' IN TYPECH(it))) =1;
wr4: Sl ZEOF( QUERY(i t <*
SELR property_definition_representation.used representation.itens |
‘ TAS SCHEMA TAS THERVAL_FLUX I N TYPECH(it))) <=1;
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END_ENTI TY:
( *
Formal propositions:

wr 1: the description attribute of the property definition referred to as definition, shall be ‘thermal
environment characteristics’;

wr 2: the entity referred to by this property_definition shall be acharacterized_object;

wr3: the representation referred to as used_representation, shall contain one
thermodynamic_temperature_measure with_unit;

wr4. the representation referred to as used representation, shall contain a most one
TAS_thermal_flux;

5.2.3.38 TAS material_property_environment
A TAS material_property_environment entity specifiesis akind of data_environment that defines
aconsistent set of conditions relevant for studies where the material characteristics of a space product
are considered.
It shall be referred to by at least one SIR_space mission_aspect through its attribute
characterized_objects.
EXPRESS specification:
ENTI TY TAS naterial _property_environment
SUBTYPE CF (data_environnent);
I NVERSE
space_m ssi on_aspects: SET[1:?] COF SIR space_m ssion_aspect FCR
charact eri zed_obj ect s;
END_ENTI TY;
(*
Attribute definitions:
space_mission_aspects: specifies a set of one or more SIR_space _mission_aspect that refer to the
TAS_material_environment.
5.2.3.39 TAS basic_thermal_radiative_model
A TAS basic thermal_radiative model is a kind of SIR_model that only contains
SIR_thermal_radiative face sets.
EXPRESS specification:
ENTI TY TAS basi c_t hermal _radi ati ve_nodel
SUBTYPE CF (SIR nodel );
SELR\ representation.itens: SET[1:?] OF SIR thernal radiative_ face_set;
END_ENTI TY;
(*
Attribute definitions:
SEL F\representation.items: specifies a set of one or more SIR_thermal_radiative face set that are
the elements of the TAS basic_thermal_radiative_model.
5.2.3.40 TAS meshed_thermal_radiative_model
A TAS meshed_thermal_radiative model is a kind of SIR_model that only contains
SIR_thermal_radiative_meshings.
EXPRESS specification:
*)
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ENTI TY TAS neshed_t hernal _radi ati ve_nodel
SUBTYPE CF (SIR nodel );
SELR\ representation.itens: SET[1:?] O SIR thernal _radiative_meshing;
END_ENTI TY;
(*
Attribute definitions:
SEL F\representation.items: specifies a set of one or more SIR_thermal_radiative_meshing that are
the elements of the TAS _meshed_thermal_radiative_ model.

TAS enclosure

A TAS enclosureisagroup of TAS thermal_radiative face set that cannot exchange heat through
thermal radiation with TAS thermal_radiative face set belonging to another TAS enclosure.

EXPRESS specification:

*
ENTI TY TAS encl osure
SUBTYPE OF (group_assignnent);
grouped_itens: SET[1:?] OF SIR thermal _radiative_face_set;
END_ENTI TY;
(*
Attribute definitions:
grouped_items: set of one or more SIR_thermal_radiative face set belonging to the enclosure.

TAS material_property

The TAS material_property entity specifies a physical property associated with a given material.
This property is defined in agiven TAS material_property _environment.

A TAS material_property is related to the material_designation that identifies the material of
whichthe TAS material_property carries a portion of the physical characterization.

EXPRESS specification:
*
ENTI TY TAS naterial _property
SUBTYPE CF (naterial _property_representation);
WHERE
wl: SIZECF(QUERY(it <*
SELR property_definition_representation.used_representation.itens |
NOT(* TAS_SCHENVA. TAS_PRCPERTY_VALUE I N TYPEOR(it)) )) =O0;
wr2: ' TAS SCHEMA TAS_NMATER AL_PRCPERTY_ENVI RONMENT' | N
TYPECF( SELR\ mat eri al _property_represent ati on. dependent _envi r onment ) ;
wr3:
S| ZEGF(USEDI N( SELF, ' TAS_SCHEMA. MATERI AL_DESI GNATI ON_CHARACTER! ZATI ON PRCPERTY ) )

Formal propositions:

wrl: the items of the representation referred to by the entity as used representation shall al be
TAS property values,

wr 2; the dependent_environment shall beaTAS material_property_environment.

wr3: the TAS material_property  shal be referred to by exactly one
material_designation_characterization.
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524
5241

5.24.2

5243

5244

5245

5.24.6

TAS schema imported entity modifications
action

The base definition of the action entity is given in 1SO 10303-41. The following modifications apply
to this protocol.

Associated global rules:
The following global rules apply to the action entity:
- subtype _mandatory_action;

action_relationship

The base definition of the action_relationship entity is given in 1SO 10303-41. The following
modifications apply to this protocol.

Associated global rules:

The following global rules apply to the action_relationship entity:

- subtype_mandatory_action_relationship;

action_assignment

The base definition of the action_assignment entity is given in 1SO 10303-41. The following
modifications apply to this protocol.

Associated global rules:
The following global rules apply to the action_assignment entity:
- exclusive_subtypes_action_assignment;

application_context

The base definition of the application_context entity is given in 1SO 10303-41. The following
modifications apply to this protocol.

Associated global rules:
The following global rules apply to the application_context entity:
- application_context_requires_ap_definition

application_protocol_definition

The base definition of the application_protocol_definition entity is given in 1SO 10303-41. The
following modifications apply to this protocol.

Associated global rules:
The following global rules apply to the application_protocol_definition entity:
- application_context_requires ap_definition

approval

The base definition of the approval entity isgiven in 1SO 10303-41. The following modifications apply
to this protocol.

Associated global rules:

The following global rules apply to the approval entity:
- approva_requires_approval_date time;

- approval_requires_approval_person_organization;

- approval_are_assigned;
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5248

5249

5.24.10

52411

5.24.12

approval_date time

The base definition of the approval_date time entity is given in 1SO 10303-41. The following
modifications apply to this protocol.

Associated global rules:

The following global rules apply to the approval_date time entity:
- approval_requires_approval _date time;

- approva_date time requires date time;

approval_person_organization

The base definition of the approval_person_organization entity is given in 1SO 10303-41. The
following modifications apply to this protocol.

Associated global rules:

The following global rules apply to the approval_person_organization entity:
- approval_requires_approval_person_organization;

- approval_person_organization_requires_person_organization;

approval_role

The base definition of the approval_role entity is given in 1SO 10303-41. The following
modifications apply to this protocol.

Associated global rules:

The following global rules apply to the approval_role entity:

- dependent_instantiable_approval_role;

approval_status

The base definition of the approval_status entity is given in 1SO 10303-41. The following
modifications apply to this protocol.

Associated global rules:
The following global rules apply to the approval_status entity:
- dependent_instantiable_status;

date

The base definition of the date entity is given in 1SO 10303-41. The following modifications apply to
this protocol.

Associated global rules:

The following global rules apply to the date entity:
- dependent_instantiable_date;

- subtype _mandatory_date;

date time role

The base definition of the date time role entity is given in 1SO 10303-41. The following
modifications apply to this protocol.

Associated global rules:
The following global rules apply to the date_time_role entity:
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5.24.13

52414

524.15

5.2.4.16

5.24.17

5.24.18

- dependent_instantiable_date time role;

person

The base definition of the person entity is given in 1SO 10303-41. The following modifications apply
to this protocol.

Associated global rules:

The following global rules apply to the person entity:

- dependent_instantiable person;

person_and_organization_role

The base definition of the person_and_organization_role entity is given in 1SO 10303-41. The
following modifications apply to this protocol.

Associated global rules:

The following global rules apply to the person_and_organization_role entity:

- dependent_instantiable_person_and_organization role;

security_classification_level

The base definition of the security classification_level entity is given in 1SO 10303-41. The
following modifications apply to this protocol.

Associated global rules:
The following global rules apply to the security_classification_level entity:
- dependent_instantiable_security classification_level;

type_qualifier

The base definition of the type qualifier entity is given in 1SO 10303-41. The following
modifications apply to this protocol.

Associated global rules:

The following global rules apply to thetype _qualifier entity:

- dependent_instantiable_type qualifier;

data_environment

The base definition of the data_environment entity is given in 1SO 10303-45. The following
modifications apply to this protocol.

Associated global rules:
The following global rules apply to the data_environment entity:
- subtype _mandatory_data_environment;

product_context

The base definition of the product_context entity is given in 1SO 10303-41. The following
modifications apply to this protocol.

Associated global rules:
The following global rules apply to the product_context entity:
- product_context_requires_product;
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5.24.19

5.24.20

52421

5.24.22

5.24.23

5.2.4.24

product_definition_context

The base definition of the product_definition_context entity is given in ISO 10303-41. The following
modifications apply to this protocol.

Associated global rules:
The following global rules apply to the product_definition_context entity:
- prod_def_context_requires prod_def;

product

The base definition of the product entity is given in ISO 10303-41. The following modifications apply
to this protocol.

Associated global rules:

The following global rules apply to the product entity:
- product_requires_version;

- product_context_requires_product;

SIR_product_version

The base definition of the SIR_product_ver sion entity is given in SIR. The following modifications
apply to this protocol.

Associated global rules:
The following globa rules apply to the SIR_product_ver sion entity:
- product_requires_version;

product_definition_formation

The base definition of the product_definition_formation entity is given in 1SO 10303-41. The
following modifications apply to this protocol.

Associated global rules:
The following global rules apply to the product_definition_formation entity:
- subtype _mandatory product_definition_formation;

product_definition_relationship

The base definition of the product_definition_relationship entity is given in 1SO 10303-41. The
following modifications apply to this protocol.

Associated global rules:
The following global rules apply to the product_definition_relationship entity:
- subtype_mandatory_product_definition_relationship;

product_definition

The base definition of the product_definition entity is given in ISO 10303-41. The following
modifications apply to this protocol.

Associated global rules:
The following global rules apply to the product_definition entity:
- prod_def_context_requires_prod_def;
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5.2.4.25

5.2.4.26

5.24.27

5.24.28

5.24.29

5.24.30

global_unit_assigned_context

The base definition of the global unit_assigned_context entity is given in 1SO 10303-41. The
following modifications apply to this protocol.

Associated global rules:
The following global rules apply to the global _unit_assigned_context entity:
- TAS global_units

geometric_representation_context

The base definition of the geometric_representation_context entity is given in 1SO 10303-42. The
following modifications apply to this protocol.

Associated global rules:
The following global rules apply to the geometric_representation_context entity:
- TAS dimensionality_is 3

shape representation

The base definition of the shape representation entity is given in 1SO 10303-41. The following
modifications apply to this protocol.

Associated global rules:

The following global rules apply to the shape_representation entity:

- TAS point_id_unique

cartesian_point

The base definition of the cartesian_point entity is given in ISO 10303-42. The following
modifications apply to this protocol.

Associated global rules:
The following global rules apply to the cartesian_point entity:
- TAS point_id_unique

advanced face

The base definition of the advanced_face entity is given in 1SO 10303-511. The following
modifications apply to this protocol.

Associated global rules:

The following global rules apply to the advanced_face entity:

-at_most_2 faces per surface;

SIR_thermal_radiative face set

The base definition of the SIR_thermal_radiative face set entity is given in SIR. The following
modifications apply to this protocol.

Associated global rules:

The following global rules apply to the SIR_thermal_radiative face set entity:

-at_most_2 faces per surface;

- thermal_face requires _therma_model;
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5.24.32

5.2.4.33

5.24.34

5.24.35

5.2.4.36

SIR_ato_campaign

The base definition of the SIR_ato_campaign entity is given in SIR. The following modifications
apply to this protocol.

Associated global rules:

The following global rules apply to the SIR_ato_campaign entity:

- ato_campaign_requires creation_date;

- ato_campaign_requires_contact;

- a_most_one _modification_date;

- a_most_one security _level;

SIR_model

The base definition of the SIR_modé entity is given in SIR. The following modifications apply to this
protocol.

Associated global rules:

The following global rules apply to the SIR_model entity:
- a_most_one security level;

- model_requires_definition;

- unique_ids in_model;

SIR_node

The base definition of the SIR_node entity is given in SIR. The following modifications apply to this
protocol.

Associated global rules:

The following global rules apply to the SIR_node entity:
- a_most_one_security level;

- unique_ids in_model;

SIR_node relationship

The base definition of the SIR_node_relationship entity is given in SIR. The following modifications
apply to this protocol.

Associated global rules:

The following global rules apply to the SIR_node_relationship entity:
- a_most_one_security _level;

- unique_ids in_model;

SIR_submodel_usage

The base definition of the SIR_submodel_usage entity is given in SIR. The following modifications
apply to this protocol.

Associated global rules:
The following global rules apply to the SIR_submodel _usage entity:

- unique_ids in_model;

SIR_aspect

The base definition of the SIR_aspect entity is given in SIR. The following modifications apply to this
protocol.
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5.24.37

5.2.4.38

5.24.39

5.2.4.40

52441

5.2.4.42

Associated global rules:
The following global rules apply to the SIR_aspect entity:

- a_most_one_security _level;

SIR _ato case

The base definition of the SIR_ato_case entity is given in SIR. The following modifications apply to
this protocol.

Associated global rules:
The following global rules apply to the SIR_ato_case entity:
- at_most_one_security_level;

SIR_ato_phase

The base definition of the SIR_ato_phase entity is given in SIR. The following modifications apply to
this protocol.

Associated global rules:
The following global rules apply to the SIR_ato_phase entity:
- a_most_one security level;

SIR_component_sequence

The base definition of the SIR_component_sequence entity is given in SIR. The following
modifications apply to this protocol.

Associated global rules:

Thefollowing global rules apply to the SIR_component_sequence entity:

- component_sequence_requires_aspect;

SIR_boolean_result_surface

The base definition of the SIR_boolean_result_surface entity is given in SIR. The following
modifications apply to this protocol.

Associated global rules:
The following global rules apply to the SIR_boolean_result_surface entity:
- restrict_boolean_operator;

SIR_space_mission_aspect

The base definition of the SIR_space mission_aspect entity is given in SIR. The following
modifications apply to this protocol.

Associated global rules:

The following global rules apply to the SIR_space mission_aspect entity:

- restrict_mission_aspects;

SIR_kinematic_link
The base definition of the SIR_kinematic_link entity is given in SIR. The following modifications
apply to this protocol.

Associated global rules:
The following global rules apply to the SIR_kinematic_link entity:
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5.24.43

5.24.44

5.25
5251

5252

- kinematic_link_requires_shape;
- restrict_represented product;

kinematic _link

The base definition of the kinematic_link entity is given in 1SO 10303-105. The following
modifications apply to this protocol.

Associated global rules:

The following globa rules apply to the kKinematic_link entity:

- subtype _mandatory kinematic_link;

mechanism

The base definition of the mechanism entity is given in 1SO 10303-105. The following modifications
apply to this protocol.

Associated global rules:
The following global rules apply to the mechanism entity:
- mechanism_requires_ground_representation;

TAS schema rule definitions
ato_campaign_requires creation_date

The ato_campaign_requires creation_date specifies that each instance of SIR_ato_campaign
shall bereferred to by one instance of TAS _date_assignment that relates it to its creation date.

EXPRESS specification:

RULE at o_canpai gn_requires_creation_date FOR (SI R at o_canpai gn,
TAS dat e_assi gnnent) ;
WHERE
WRL: S| ZEOF( QUERY(obj <* SIR at o_canpai gn| Sl ZECGF( QUERY(nda <*
TAS date_assignnent| (obj INnda.itens) AND (nda.role.name = ‘creation_date’')))<>1
))=0;
END RULE;
(*
Argument definitions:
SIR_ato_campaign: specifiesthe set of all instances of SIR_ato_campaign;
TAS date assignment: specifiesthe set of all instances of TAS date assignment.
Formal proposition:

WR1: there shall not be any instance of SIR_ato_campaign that is not referred to by exactly one
TAS date assignment having therole ‘CREATION_DATE'.

ato_campaign_requires _contact

The ato_campaign_requires creation_date specifies that each instance of SIR_ato_campaign
shall be referred to by one instance of TAS contact _assignment that relates it to a contact
person/organi zation.

EXPRESS specification:
*)
RULE at o_canpai gn_requires_contact FCR (SI R ato_canpai gn, TAS contact_assi gnnent);
WHERE
WRL: Sl ZECF( QUERY(obj <* SI R at o_canpai gn| Sl ZECF( QUERY(nca <*
TAS contact _assignnent | obj INnca.itens))<>1 ))= 0;
END RULE;
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( *

Argument definitions:

SIR_ato_campaign: specifiesthe set of al instances of SIR_ato_campaign;

TAS contact_assignment: specifies the set of all instances of TAS _contact_assignment;
Formal proposition:

WR1: there shall not be any instance of SIR_ato_campaign that is not referred to by exactly one
TAS contact_assignment.

5.25.3 at_most_one modification_date

The ato_campaign_requires creation_date specifies that each instance of SIR_ato_campaign
shall bereferred to by at most one instance of SIR_ato_campaign that relates it to a modification date.
EXPRESS specification:
*)
RULE at _nost_one_nodi fication_date FCR (SI R ato_canpai gn, TAS date_assi gnnent);
WHERE

WRL: Sl ZECF( QUERY( obj <* SI R at o_canpai gn| Sl ZEC-( QUERY(nda <*
TAS date_assignment| (obj IN nda.itens) AND (nda.role.nane =
‘last_nodification_date')))>1 ))= 0;
END RULE;
(*
Argument definitions:
SIR_ato_campaign: specifiesthe set of all instances of SIR_ato_campaign;

TAS date assignment: specifiesthe set of all instances of TAS date assignment.
Formal proposition:

WR1: there shall not be any instance of SIR_ato_campaign that is not referred to more than one
TAS date assignment having therole ‘LAST_MODIFICATION_DATE'.

5254 at_most_one_security level

The rule at_most_one security level specifies that each instance of SIR_model, SIR_node,
SIR_node relationship, SIR_ato_campaign, SIR_ato_case and SIR_ato_phase shall be referred to
by at most one instance of TAS security _assignment that relates it to a security level.

EXPRESS specification:
*
)
RULE at _rost _one_security |l evel FOR (SIR nmodel, SIR node, SIR node_rel ationship,
SIR aspect, SIR ato_canpai gn, SIR ato_case, SIR ato_phase,
TAS security_assignnent);
WHERE
WRL: Sl ZECF( QUERY(obj <* SI R nodel | Sl ZECF( QUERY(nsa <* TAS security_assi gnment
| obj INnsa.itens))>1))= 0;
WR2: S| ZECGF( QUERY(obj <* SI R node| SI ZECH(QUERY(nsa <* TAS security_assi gnnent |
obj INnsa.itens))>1 ))= 0;
WR3: Sl ZEOF( QUERY(obj <* SI R node_rel ati onshi p| Sl ZEOF( QJERY(nsa <*
TAS security_assignnent | obj INnsa.itens))>1))= 0;
WR4: Sl ZEGF( QUERY( obj <* SI R at o_canpai gn| Sl ZECF( QUERY(nsa <*
TAS security_assignment | obj INnsa.itens))>1 ))= 0;
WR5: Sl ZECF( QUERY(obj <* SIR ato_case| Sl ZECF( QJERY(nsa <*
TAS security_assignnent | obj INnsa.itens))>1))= 0;
WR6: Sl ZEOF( QUERY(obj <* SI R ato_phase| Sl ZEOF( QUERY(nsa <*
TAS security_assignnent | obj INnsa.itens))>1))= 0;
END RULE;
(*
Argument definitions:
SIR_modd: specifiesthe set of al instances of SIR_model.

SIR_node: specifiesthe set of all instances of SIR_node.
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5.2.5.6

SIR_node relationship: specifiesthe set of all instances of SIR_node _relationship.
SIR_ato_campaign: specifiesthe set of all instances of SIR_ato_campaign.
SIR_ato_case: specifiesthe set of all instances of SIR_ato_case.

SIR_ato phase: specifiesthe set of al instances of SIR_ato_phase.

TAS date assignment: specifiesthe set of all instances of TAS date assignment.
Formal proposition:

WR1: there shall not be more than one security level assignedto aSIR_model;

WR2: there shall not be more than one security level assigned to aSIR_node;

WR3: there shall not be more than one security level assigned to aSIR_node_relationship;
WR4: there shall not be more than one security level assignedto aSIR_ato_campaign;
WR5: there shall not be more than one security level assignedto aSIR_ato_case;
WRG6: there shall not be more than one security level assignedto aSIR_ato_phase;

application_context_requires_ap_definition

The rule application_context requires ap_definition specifies that any instance of
application_context shall be referred to by exactly one instance of application_protocol _definition.
EXPRESS specification:
*)
RULE appl i cation_context_requires_ap_definition FOR

(application_context, application_protocol _definition);
WHERE

WRL: SI ZECF (QUERY (ac <* application_context |

NOT (Sl ZECF (QUERY (apd <* application_protocol _definition | ac :=

apd. application)) =1))) =0;
END RULE, -- application_context_requires_ap_definition
(*
Argument definitions:
application_context: specifies the set of all instances of application_context.
application_protocol_definition: specifies the set of all instances of
application_protocol_definition.

Formal proposition:
WR1: there shall not be any instance of application_context that is not referred to by exactly one
instance of application_protocol_definition.

approval_requires_approval_date time

The rule approval_requires approval_date time specifies that each instance of approval shall
be referred to by exactly one instance of approval_date time.

EXPRESS specification:

*)

RULE approval _requires_approval _date_ tine FOR (approval,
approval _date_time);

WRL: SI ZECF (QUERY ( app <* approval |
NOT (Sl ZECF (QUERY (adt <* approval _date tinme |
app : = adt.dated approval)) = 1))) = 0;
END RULE, -- approval _requires_approval date_time
(*
Argument definitions:
approval: specifies the set of all instances of approval.

approval_date_time: specifiesthe set of all instances of approval_date_time.
Formal proposition:
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WR1: there shall not be any instance of approval that is not referred to by exactly one
approval_date time.

5257 approval_date time requires date time
The rule approval_date time requires date time specifies that each instance of
approval_date_time shall refer to an instance of date_and_time.
EXPRESS specification:
*)
RULE approval _date_time_requires_date tine FOR (approval _date_tinme);
WRL: S| ZECF (QUERY ( app <* approval _date tine |
NOT (* TAS_SCHEMA DATE_AND TIME | N TYPEOR(app. date tine)))) = O;
END RULE;
(*
Argument definitions:
approval_date time: specifies the set of al instances of approval_date time.
Formal proposition:
WR1: there shall not be any instance of approval_date_time that does not refer to adate and_time.
5.25.8 approval_requires approval_person_organization
The rule approval_requires approval_person_organization specifies that each instance of
approval shall bereferred to by exactly one instance of approval_person_organization.
EXPRESS specification:
*)
RULE approval _requires_approval _person_organi zati on FCR (approval ,
appr oval _per son_organi zati on);
WHERE
WRL: SI ZECF (QUERY (app <* approval |
NOT (Sl ZEGF (QUERY (apo <* approval _person_organi zation |
app :=: apo.authorized_approval)) =1))) = 0;
END RULE, -- approval _requires_approval _person_organi zati on
(*
Argument definitions:
approval: specifies the set of al instances of approval.
approval_person_organization: specifies the set of all instances of approval_person_organization.
Formal proposition:
WR1: there shall not be any instance of approval that is not referred to by exactly one
approval_person_organization.
5259 approval_person_organization_requires person_organization
The rule approval_person_organization_requires person_organization specifies that each
instance of approval_person_organization shall refer to an instance of person_and_organization.
EXPRESS specification:
*)
RULE appr oval _per son_or gani zati on_r equi res_per son_or gani zati on FCR
(approval _person_organi zation);
WHERE
WRL: SI ZECF (QUERY ( app <* approval _person_organi zation |
NOT (‘ TAS_SCHEMA. PERSON_AND CRGAN ZATI ON' | N TYPECR( app. per son_or gani zat i on)
))) =0
END RULE;
(*
Argument definitions:
approval_person_organization: specifies the set of all instances of approval_person_organization.
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52512

Formal proposition:

WR1: there shall not be any instance of approval_person_organization that does not refer to a
person_and_organization.

approvals are assigned

The rule approvals are assigned specifies that each instance of approval shall be referred to at
least one instance of TAS approval_assignment that relatesit to the approved objects.
EXPRESS specification:
*)
RULE approval s_are_assi gned FOR
(approval , TAS approval _assi gnnment);
WHERE
WRL: SI ZECF (QUERY (app <* approval |
NOT (Sl ZEGF (QUERY (aa <* TAS approval _assi gnnent |
app :=: aa.assigned_approval )) >=1))) = 0;
END RULE, -- approval s_are_assi gned
(*
Argument definitions:
approval: specifies the set of all instances of approval.
TAS approval_assignment: specifiesthe set of all instances of TAS approval_assignment.
Formal proposition:

WR1: there shal not be any instance of approval that is not referred to by at least one
TAS approval_assignment.

component_sequence requires aspect

The rule component_sequence requires aspect specifies that each instance of
SIR_component_sequence shall be referred to by at least one SIR_aspect.

EXPRESS specification:
*)
RULE conponent _sequence_r equi res_aspect FCR (S| R_conponent _sequence) ;
WHERE
WRL: Sl ZEGF( QUERY(scs <* SI R _conponent _sequence | Sl ZECF(USED N( scs,
' TAS_SCHENVA. SI R_ASPECT. COMPONENT_SEQUENCE )) =0 )) =0;
END RULE;
(*
Argument definitions:
SIR_component_sequence:; specifiesthe set of all instances of SIR_component_sequence.

Formal proposition:
WR1: any SIR_component_sequence shall be referred to by at least one SIR_aspect.

dependent_instantiable _approval_role

The rule dependent_instantiable approval_role specifies that each instance of approval_role
shall bereferred to by at least another instance.

EXPRESS specification:
RULE dependent _i nstanti abl e_approval _rol e FOR (approval _rol e);
WHERE

WRL: SIZECF (QUERY (dtr <* approval _role |

NOT (SIZECF (USEDIN (dtr, '")) >=1))) =0;

END RULE
(*
Argument definitions:
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52514

52515

approval_role: specifiesthe set of all instances of approval_role.

Formal proposition:
WR1: there shall not be any instance of approval_role that is not referred to by at least one instance.

dependent_instantiable _approval_status

The rule dependent instantiable approval _status specifies that each instance of
approval_status shall be referred to by at least another instance.

EXPRESS specification:

*

RULE dependent _i nstanti abl e_approval _status FCR (approval _status);
WHERE
WRL: SI ZECF (QUERY (ast <* approval _status |
NOT (Sl ZECF (USEDIN (ast, '')) >=1))) = 0;
END RULE; -- dependent _i nstanti abl e_approval _status
(*
Argument definitions:
approval_status: specifiesthe set of all instances of approval_status.

Formal proposition:
WR1: any instance of approval_status shall be referred to by at least one instance.

dependent_instantiable date

Therule dependent_instantiable_date specifies that each instance of date shall be referred to by at
least an instance of date_and_time.

EXPRESS specification:

*

RULE dependent _i nstanti abl e_date FOR (date);
WHERE
WRL: Sl ZEOF (QUERY (dt <* date |
NOT (S| ZEOF(USEDI N (dt, ‘ TAS SCHEMA DATE_AND Tl ME. DATE_COMPONENT' )) >= 1)))

END RULE; -- dependent _instantiabl e_date

Argument definitions:
date: specifiesthe set of all instances of date.
Formal proposition:

WR1: there shall not be any instance of date that is not referred to by at least one instance of
date and_time.

dependent_instantiable date time role

Therule dependent_instantiable date time role specifies that each instance of date time role
shall bereferred to by at least another instance.

EXPRESS specification:

*

RULE dependent _i nstantiable_date time_role FOR (date_tine_role);
WHERE
WRL: SIZECF (QUERY (dtr <* date_time_role |
NOT (Sl ZEGF (USEDIN (dtr, '')) >=1))) = 0;
END RULE, -- dependent _instantiable date time_role
(*
Argument definitions:
date_time role: specifiesthe set of al instances of date time_role.
Formal proposition:

WR1: there shall not be any instance of date time rolethat is not referred to by at least one instance.
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dependent_instantiable _person

Therule dependent_instantiable_per son specifies that each instance of per son shall be referred to
by at least an instance of person_and_organization.

EXPRESS specification:

*

RULE dependent _i nst anti abl e_person FCR (person);
WHERE
WRL: S| ZEOF( QUERY(pers <* person |
S| ZEQF( USEDI N( per s, ' TAS_SCHENA. PERSON_AND CRGAN ZATI ON. THE_PERSON ) ) <1)) = 0;
END RULE;
(*
Argument definition:
person: specifies the set of all instances of person.
Formal proposition:

WR1: any instance of person shall be referred to by at least one person_and_organization.

dependent_instantiable person_and_organization_role

The rule dependent_instantiable person_and_organization_role specifies that each instance
of person_and_organization_role shall be referred to by at least another instance.

EXPRESS specification:

*

RULE dependent _i nstanti abl e_person_and_or gani zati on_rol e FCR (
per son_and_or gani zati on_rol e);

WHERE

WRL: SIZECF (QUERY (poar <* person_and_organi zation_rol e |

NOT (Sl ZECF (USEDIN (poar, '')) >=1))) = 0;

END RULE, -- dependent _i nstanti abl e_person_and_organi zati on_rol e
(*
Argument definitions:
person_and_organization_role: specifies the set of all instances of person_and_organization_role.
Formal proposition:

WR1: there shall not be any instance of person_and_organization_role that is not referred to by at
least one instance.

dependent_instantiable _security_classification_level

The rule dependent_instantiable_security classification_|level specifies that each instance of
security_classification_level shall be referred to by at least another instance.
EXPRESS specification:
*

)
RULE dependent _i nstanti abl e_security_classification_| evel FCOR
(security _classification_|evel);
WHERE

WRL: SI ZECF (QUERY (scl <* security_classification_|evel |
NOT (SIZECF (USEDIN (scl, '')) >=1))) = 0;

END RULE, -- dependent _instantiabl e _security_cl assification_| evel
(*
Argument definitions:
security_classification_level: specifies the set of all instances of security _classification_level.

Formal proposition:

WR1: there shall not be any instance of security_classification_level that is not referred to by at least
oneinstance.
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5.25.19 dependent_instantiable type qualifier
The rule dependent_instantiable type qualifier specifies that each instance of type qualifier
shall bereferred to by at least another instance.
EXPRESS specification:
RULE dependent _i nstanti abl e_type qualifier FOR (type_qualifier);
WHERE
WRL: SI ZECF (QUERY (poar <* type_qualifier|
NOT (SI ZEGF (USEDIN (poar, '')) >=1))) =0
END RULE;
(*
Argument definitions:
type_qualifier: specifiesthe set of al instances of type qualifier.
Formal proposition:
WR1: there shall not be any instance of type_qualifier that is not referred to by at least one instance.
5.2.5.20 exclusive_subtypes action_assignment
The rule exclusive subtypes action_assignment specifies that any instance of
action_assignment shall be ether a NRF_run_phase, a NRF_run_results, a
NRF_run_sequence_case, aNRF_derivation_result or aNRF_derivation_bounds.
EXPRESS specification:
RULE excl usi ve_subt ypes_acti on_assi gnment FCR (acti on_assi gnnent);
WHERE
WRL: SI ZEGF (QUERY (act <* action_assignrment |
S| ZEOF([' TAS_SCHEMA. NRF_RUN_PHASE |, ' TAS SCHEMA. NRF_RUN_RESULTS , ' TAS_SCHEMA. NRF_RU
N _SEQUENCE CASE' , ‘ TAS SCHEMA NRF_DER VATI ON RESULT ,
‘ TAS_SCHEMA. NRF_DER! VATI ON_BOUNDS ] * TYPECF(act) ) <>1)) = 0;
END RULE;
(*
Argument definitions:
action_assignment: specifiesthe set of all instances of action_assignment.
Formal proposition:
WR1: there shal not be any instance of action_assignment that is not an instance either of
NRF_run_phase or of NRF_ run results or of NRF run_sequence case or of
NRF_derivation_result or of NRF_derivation_bounds.
525.21 product_requires version
Therule product_requires version specifies that any instance of product shall be referred to by at
least one SIR_product_version.
EXPRESS specification:
RULE product _requires_version FCR (product, SIR product_version);
WHERE
WRL: SI ZECF (QUERY (prod <* product |
NOT (Sl ZECF (QUERY (pdf <* SIR product_version |
prod :=: pdf\product_definition formation.of product )) >=1))) = 0;
END RULE; -- product _requires_version
(*
Argument definitions:
product: specifiesthe set of all instances of product.
SIR_product_version: specifies the set of all instances of SIR_product_version.
Formal proposition:
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5.2.5.23
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WR1: there shall not be any instance of product that is not referred to by at least one
SIR_product_version.

model_requires_definition

The rule model_requires_definition specifies that any instance of SIR_model shall be referred to
by at least one TAS _model_product_relationship.

EXPRESS specification:

*

RULE nodel _requires_definition FOR (SI R nodel, TAS nodel _product_rel ati onship);
WHERE
WRL: S| ZEOF( QUERY(sm <* SIR nodel | S| ZEOF( QUERY( nnpr <*
TAS nodel _product _relationship | sm:=
nnpr\ property_definition_representation. used_representation))=0))=0;
END RULE;
(*
Argument definitions:
SIR_model: specifiesthe set of all instances of SIR_model.
TAS model_product_relationship: specifies the set of al instances of
TAS model_product_relationship.

Formal proposition:
WR1: there shall not be any instance of SIR_model that is not referred to by at least one instance of
TAS model_product_relationship.

subtype_mandatory_action

The rule subtype mandatory_action specifies that only instances of the subtypes of action are
permitted.

EXPRESS specification:

*

RULE subt ype_mandat ory_action FCR (action);
WHERE
WRL: SI ZEGF (QUERY (act <* action |
Sl ZECH([' TAS_SCHEMA. NRF_RWN , ' TAS SCHENA. NRF_RUN_SEQUENCE
“ TAS_SCHEMA. NRF_DER! VATI ON | * TYPECF(act ) ) <>1)) = 0;
END RULE, -- subtype_mandatory_action
(*
Argument definitions:
action: specifiesthe set of al instances of action.
Formal proposition:

WR1: there shal not be any instance of action that is not an instance either of NRF_run or
NRF_run_sequence or of NRF_derivation.

subtype_mandatory_action_relationship

The rule subtype mandatory_action_relationship specifies that only instances of the subtypes
of action_relationship are permitted.

EXPRESS specification:

*

RULE subt ype_mandat ory_action_rel ati onshi p FOR (acti on_rel ati onshi p);

WRL: SIZECF (QUERY (act <* action_relationship |
NOT (' TAS_SCHEMA. NRF_RUN | N SEQUENCE | N TYPECF(act)))) = O;
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(EI\D_RU_E;
Argument definitions:

action_relationship: specifies the set of all instances of action_relationship.

Formal proposition:

WR1: there shall not be any instance of action_relationship that is not an instance of
NRF_run_in_sequence.

5.25.25 subtype mandatory_date
The rule subtype_mandatory_date specifies that only instances of the subtype calendar_date of
date are permitted.
EXPRESS specification:
RULE subt ype_mandat ory_date FCR (date);
WHERE
WRL: Sl ZEOF (QUERY (act <* date| NOT(‘ TAS_SCHEMA CALENDAR DATE | N TYPEOR(act)))
) =0
END RULE;
(*
Argument definitions:
date: specifies the set of all instances of date.
Formal proposition:
WR1: there shall not be any instance of date that is not an instance of calendar_date.
5.2.5.26 subtype mandatory_product_definition_formation
The rule subtype _mandatory_product_definition_for mation specifies that only instances of
the subtype SIR_product_version of product_definition_formation are permitted.
EXPRESS specification:
*)
RULE subt ype_mandat ory_product _definition_fornati on FCR
(product _definition_fornation);
WHERE
WRL: S| ZEOF( QUERY( obj <*
product _definition_formation| NOT(* TAS_ SCHEVA. SI R_ PRCDUCT_VERSI QN | N TYPECF(obj )))
)= 0;
END RULE;
(*
Argument definitions:
product_definition_formation: specifiesthe set of all instances of product_definition_formation.
Formal proposition:
WR1: there shal not be any instance of product_definition_formation that is not an instance of
SIR_product_version.
5.25.27 subtype mandatory_product_definition_relationship
The rule subtype_mandatory_product_definition_relationship specifies that only instances of
its subtypes next_assembly_usage occurrence and TAS albedo _reflector are permitted.
EXPRESS specification:
RULE subt ype_nandat ory_pr oduct _defini tion_rel ati onshi p FCR
(product _definition_relationship);
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5.25.29

WHERE
WRL: Sl ZEGF( QUERY( obj <* product _definition_rel ationshi p|

Sl ZECH(* TAS_SCHEMA. NEXT_ASSEMBLY_USAGE OCCURENCE

“ TAS_SCHEMA. TAS ALBEDO REFLECTCR] * TYPECF(obj)) <>1))= 0

END RULE;

(*
Argument definitions:

product_definition_relationship: specifies the set of al instances of
product_definition_relationship.

Formal proposition:

WR1: there shall not be any instance of product_definition_relationship that is not an instance of
next_assembly usage occurence or of TAS albedo_reflector.

unique_ids in_maodel

The rule unique_ids in_model specifies that in a SIR_model, the values of the attribute id of
SIR_nodes, respectively SIR_node relationships, respectively SIR_submodel_usages shall be
unique for each category of entities.

EXPRESS specification:
*)
RULE uni que_i ds_i n_rmodel FCR (SI R nodel, SIR node, SIR node rel ationship,
SI R _subnodel _usage) ;
WHERE
WRL: S| ZEGF( QUERY(sm <* SIR nmodel | NOT (uni que_i ds(QUERY(sn<* SIR node | sn IN
smrepresentation.itens)) AND unique_i ds(QUERY(snr<* SIR node_relationship | snr
IN smrepresentation.itens)) AND uni que_i ds(QUERY(su<* SI R subnodel _usage | su IN
smrepresentation.itens))) )) =0;
END RULE;
(*
Argument definitions:
SIR_modd: specifiesthe set of al instances of SIR_model.
SIR_node: specifiesthe set of all instances of SIR_node.
SIR_node _relationship: specifies the set of all instances of SIR_node_relationship.
SIR_submode_usage: specifiesthe set of all instances of SIR_submodel _usage.
Formal propositions:

WR1: there shall not any instance of SIR_model such that the identifiers of the SIR_node (resp.
SIR_node relationship, resp. SIR_submodel_usage) that are elements of the SIR_model are not
unique.

product_context_requires _product

The rule product_context_requires product checks that any instance of product_context is
referred to by at least one instance of product.

EXPRESS specification :
*)
RULE product _cont ext _requi res_product FCR (product_context, product);
WHERE

wl: SIZECF( QUERY(tenp <* product_context | (Sl ZECF (QUERY

(prod <* product | tenp IN prod.frane_of _reference)) = 0))) = 0;

END RULE;
(*
Argument definition:
product_context: identifies the set of all instances of product_context.

product: identifies the set of al instances of product.
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5.2.5.30
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5.2.5.32

Formal proposition:
wr1: there shall be no instance of product_context which is not referred to by any instance of
product.

prod_def_context_requires prod_def

The rule prod def context requires prod_def checks that any instance of
product__definition_context isreferred to by at least one instance of product_definition.

EXPRESS specification :

RULE prod_def context_requires_prod _def FCR (product_definition_context,
product _definition);
WHERE

wl: SIZEOF( QUERY(tenp <* product_definition_context | (SIZECF (QUERY
(def <* product_definition | tenp := def.frane_of _reference)) =0))) = 0;
END RULE;
(*
Argument definition:
product_definition_context: identifies the set of all instances of product_definition_context.

product_definition: identifies the set of all instances of product_definition.

Formal proposition:
wr 1: there shall be no instance of product_definition_context which is not referred to by any instance
of product_definition.

restrict_boolean_operator

The rule restrict_boolean_operator specifies that only the operator difference is alowed in an
instance of SIR_boolean_result_surface.

EXPRESS specification :
*

)
RULE restrict_bool ean_operator FCR (SI R _bool ean_result_surface);
WHERE

wl: SIZEOF( QUERY(tenp <* SIR bool ean_result_surface | tenp.operator <>

difference)) = 0;
END RULE;
G
Argument definition:
SIR_boolean_result_surface: identifies the set of all instances of SIR_boolean_result_surface.

Formal proposition:
wr 1: there shall not be any instance of SIR_boolean_result_surface that its attribute operator is not
difference.

restrict_mission_aspects

Therulerestrict_mission_aspect specifies that an instance of SIR_space mission_aspect shall refer
through its attribute characterized_objects either to:

* aTAS orbit_arc, or

e aTAS thermal_environment, or

* aTAS material_property environment, or
* aSIR_kinematic_articulation,
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* aSIR placement_transformation and aTAS body _mation_representation.

EXPRESS specification :
*

)
RULE restrict_m ssion_aspects FCR (S| R_space_m ssi on_aspect);
WHERE

wl: SIZECF( QUERY(tenp <* SIR space_m ssion_aspect | NOT (

((SI ZECH(t enp. char act eri zed obj ects) =1) AND

(Sl ZECH( TYPECK(t enp. char acteri zed_obj ect s[ 1] ) *[ * TAS_SCHEMA. TAS CRBI T_ARC
* TAS_SCHENVA TAS THERVAL_ENVI RONMENT ,

* TAS_SCHENVA TAS_NMATER AL PRCPERTY_| EN\/I RONMENT

“ TAS_SCHEMA S| R_KI NEMATI C_ ARTI CULATION ] = 1))) CR
((SI ZECH(t enp. char act eri zed_obj ects) =2) AND
(Sl ZECH( ( TYPECH(t enp. char act eri zed_obj ect s[ 1] )
+TYPECH(t enp. char act eri zed_obj ects[2]))
*[* TAS_SCHENVA. SI R_PLACEMENT_TRANSFCRVATI ON
“ TAS_SCHEMA TAS_BCDY_MOTI ON_REPRESENTATI N 1= 2))) ))) =0;
END RULE;
(*
Argument definition:
SIR_space mission_aspect: identifies the set of all instances of SIR_space_mission_aspect.

Formal proposition:

wr 1. there shall not be any instance of SIR_space mission_aspect such the following condition is not

fulfilled:

¢ characterized objects hasone element and itisaTAS orbit_arc or aTAS thermal_environment
or aTAS material_property_environment, or

e characterized objects has two elements and they are a SIR_placement_transformation and a
TAS body_motion_representation.

subtype _mandatory_data_environment

Therule subtype_mandatory _data _environment specifies that only instances of the subtypes of
data_environment defined in this protocol are permitted.

EXPRESS specification:

*

RULE subt ype_mandat ory_dat a_envi ronnent FCR (data_envi ronnent);

WRL: Sl ZEGF (QUERY (dat <* data_environment |
SI ZECF([ ' TAS_SCHEMA. TAS_MATER AL_PROPERTY_ENVI RONMVENT' , ' TAS SCHEMA. TAS THERVAL_ENV
| RONVENT' | * TYPECF(dat))<>1)) = O;
END RULE, -- subtype_nandat ory_dat a_envi r onnment
(*
Argument definitions:
data_environment: specifiesthe set of al instances of data_environment.

Formal proposition:

WR1: there shall not be any instance of data environment that is not an instance either of
TAS material_property_environment or aTAS thermal_environment.

TAS global_units

The rule TAS _global_units checks that any instance of global_unit_assigned_context contains
assignments of length_unit and plane_angle unit.
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EXPRESS specification :
*
RULE TAS gl obal _units FOR (gl obal _unit_assi gned_context);
WHERE
wl: SIZECQF (QUERY( guac <* gl obal _unit_assigned context |
NOT (Sl ZECH(guac. units) =2 ))) =0;
w2: SIZECF (QUERY( guac <* gl obal _unit_assi gned_context |
(SI ZEGH([' TAS_SCHENVA LENGTH UNI T, ' TAS_SCHEMA PLANE ANGLE N T'] I N
TYPECQF( guac. uni ts))=0)) =0;

END RULE;

( *

Argument definition:

global_unit_assigned_context: identifies the set of all instances of global_unit_assigned_context.

Formal proposition:
wr 1: there shall be exactly two units assigned in any instance of global_unit_assigned _context;

wr2: there shall be no instance of global_unit_assigned context such that length_unit and
plane_angle unit are not members of the set of assigned units.

5.25.35 TAS dimensionality_is 3
TheruleTAS dimensionality is 3 checksthat any instance of geometric_representation_context
defines a 3D geometrical space.
EXPRESS specification :
RULE TAS dinensionality_is_3 FCR (geonetric_representation_context);
WHERE
wl: Sl ZECF(QUERY (grc <* geonetric_representation_context|
grc. coordi nate_space_di nension <> 3)) = 0;
END RULE;
(*
Argument definition:
geometric_representation_context: identifies the set of al instances of
geometric_representation_context.
Formal proposition:
wr 1: there shall be no instance of geometric_representation_context such that the dimension_count
of the coordinate space is different from 3.
5.2.5.36 TAS point_id_unique
The rule TAS point_id_unique checks that any instance of shape representation contains
cartesian_points having either the name * ’ or such their name is unique in the context of the
shape _representation.
EXPRESS specification :
*)
RULE TAS point_i d_uni que FCR (cartesi an_poi nt, shape_representation);
WHERE
wl: SIZECF( QUERY( sr <* shape_representation | NOT uni que_names( QERY(cp <*
cartesian_point | (cp\representation_itemname <> ‘) AND (cp IN
sr\representation.itens))) )) =0;
END RULE;
(*
Argument definition:
cartesian_point: identifies the set of all instances of cartesian_point;
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5.2.5.37

5.2.5.38

shape representation : identifies the set of all instances of shape representation;

Formal proposition:

wr1: there shall be no instance of cartesian_point which is an item of the representation of a
TAS_geometric_model such that this representation contains another instance of cartesian_point
having the same name.

at_most_2 faces per surface

Theruleat_most_2 faces per_surface checks that any advanced_face is referred to by at most two
SIR_thermal_radiative face set and that in the case of two references, the active_side shall be either
both none or different.

EXPRESS specification :
*)
RULE at _nost_2 faces_per_surface FOR (SIR thernal _radi ati ve_face_set,
advanced_f ace) ;
WHERE
wl: Sl ZEOF( QUERY( sr <* advanced_face |
(S| ZEOF( USEDI N(sr, ' TAS SCHEMA S| R THERVAL RADI ATI VE_FACE_SET. BASE_SURFACE ))>2) )
) =0,
w2: SIZEOF(QUERY( srl <* SIR thernal _radiative_face set |
(srl.active_side<>none) AND
(SI ZECF(QUERY( sr2 <* SIR thernal radiative face set |
(srl.base_surface: = sr2.base surface) AND (srl.active_side=sr2.active_side) )) >0)
)) =0;
END RULE;
(*
Argument definition:
SIR_thermal_radiative face set: identifies the set of al instances of

SIR_thermal_radiative face set;
advanced_face : identifies the set of all instances of advanced_face;

Formal proposition:

wrl: there shal not be any advanced face referred to by more than 2
SIR_thermal_radiative face setsasbase surface;

wr2: there shall not be two SIR_thermal_radiative face sets with two identical active sides except
if active_side=none;

thermal_face requires thermal_model

The rule thermal_face requires thermal_model specifies that each instance of
SIR_thermal _radiative face set shall be referred to by a least one
TAS basic_thermal_radiative_model.

EXPRESS specification:
*

)
RULE t hermal _face_requires_thermal _model FCR (SIR_thermal _radiative_face_set);
WHERE

WRL: SI ZEOF(QUERY(stf <* SIR thernal _radiative_face_set |

(Sl ZECF( QUERY(rep <* using_representations(stf)
| ' TAS SCHEMA TAS BASI C THERVAL_RADI ATI VE_ MODEL’ | N TYPEOR(rep))) =0) )) =0;
END RULE;
(*
Argument definitions:
SIR_thermal_radiative face set: specifies the set of al instances of
SIR_thermal_radiative face set.
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Formal proposition:

WR1: any SIR component_sequence shal be refered to by a least one
TAS basic thermal_radiative face set.

5.2.5.39 kinematic_link_requires _shape
Therulevalid_kinematic_link specifies that each instance of SIR_kinematic_link shall be related to
exactly one kinematic_link_representation_association. In addition, this
kinematic_link_representation_association shall refer asrep 2 to ashape representation.
EXPRESS specification:
*)
RULE ki nematic_link_requires_shape FCR (Sl R ki nematic_link);
WHERE
WRL: Sl ZEOF( QUERY(skl <* SIR kinematic_|link |
Sl ZEQF(USEDI N(skl . kl rr. geonetri c_aspects,’ TAS SCHEMA Kl NEMVATI C LI NK_REPRESENTATI ON
_ASSOO ATION REP_1')) <>1 ))= 0;
WR2: Sl ZEOF(QUERY(skl <* SIR kinematic_link |
Sl ZEOF(QUERY(kl ra <*
USEDI N(skl . kl rr. geonetri c_aspects,’ TAS SCHEMA KI NENVATI C_LI NK_REPRESENTATI ON_ASSCd
ATION REP_1') | ‘ TAS_SCHEMA SHAPE REPRESENTATION | N
TYPECF(klra\representation_relationship.rep_2) ))=0)) = 0;
END RULE;
(*
Argument definitions:
SIR_kinematic_link: specifies the set of al instances of SIR_kinematic_link.
Formal propositions:
WR1: there shall not be any instance of SIR_kinematic_link such it is not indirectly associated with
exactly one kinematic_link_representation_association;
WR2: there shall not be any instance of SIR_kinematic_link suchitisnot indirectly associated with at
least one kinematic_link_representation_association that refersto a shape representation
5.2.5.40 restrict_represented_product
Therulerestrict_represented_product specifies that any instance of SIR_kinematic_link shall refer
as represented_product either to a product_definition or to a next_assembly usage occurrence. In
addition, when represented product refers to a product_definition, this product_definition shall not
be referred to as
next_assembly usage occurrence\product_definition_relationship.related product_definition.
EXPRESS specification:
*)
RULE restrict_represented_product FCR (SIR kinematic_link);
WHERE
WRL: Sl ZEGF( QUERY(skl <* SIR kinenmatic_link |
S| ZECF([ ¢ TAS_SCHEMA. PRCDUCT _DEFI NI TI ON' , ' TAS_SCHEMA. NEXT_ASSEMBLY _USAGE OCCURRENCE
"1 *TYPECH( skl . represented_product)) <>1)) = 0;
WR2: Sl ZEOF(QUERY(skl <* SIR kinematic_link |
(* TAS_SCHEMA. PRCDUCT_DEFI NI TION I N TYPECQR( skl . represented_product)) AND
(Sl ZECH( USEDI N( skl . represent ed_pr oduct,
* TAS_SCHENVA. PRCDUCT_DEFI NI TI ON_RELATI ONSH P. RELATED PRCDUCT_DEFINITION )) <>0) ))
= 0;
END RULE;
(*
Argument definitions:
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52542

SIR_kinematic_link: specifies the set of al instances of SIR_kinematic _link.

Formal propositions:
WR1: there shall not be any instance of SIR kinematic link that does not refer as
represented_product to either aproduct_definition or anext_assembly usage occurrence.

WR2: there shall not be any instance of SIR_kinematic _link that refers to a product_definition that
isreferred to asrelated product_definition by at least one product_definition_relationship.

subtype_mandatory_kinematic_link

The rule subtype mandatory kinematic link specifies that only instances of the subtype
SIR_kinematic_link of kinematic_link are permitted.

EXPRESS specification:

*

RULE subt ype_mandat ory_ki nematic_| i nk FOR (ki nemati c_li nk);
WHERE

WRL: SI ZECF( QUERY( obj <* ki nematic_link | NOT(* TAS SCHEMA SI R KI NEMATI C LINK I N
TYPECF(obj))))= 0;
END RULE;
(*
Argument definitions:
kinematic_link: specifies the set of all instances of kinematic_link.

Formal proposition:

WR1: there shall not be any instance of kinematic link that is not an instance of
SIR_kinematic_link.

mechanism_requires ground_representation

The rule mechanism_requires ground_representation specifies that any instance of mechanism
shall be such that SELF.containing property.ground definition be associated with a
kinematic_ground_representation through akinematic_property representation_relation.

EXPRESS specification:
*
)
RULE nechani smrequi res_ground_representati on FCR (nechani snj;
WHERE
WRL: S| ZEOF( QUERY(nech <* mechani sm |
Sl ZECGF( USEDI N( nech. cont ai ni ng_property. ground_definition,
* TAS_SCHENVA. KI NEMATI C_PRCPERTY_REPRESENTATI CN RELATION DEFINTION )) =0)) = O;
END RULE;
(*
Argument definitions:
mechanism: specifies the set of al instances of mechanism.

Formal propositions:

WRL1: there shall not be any instance of mechanism such its ground_definition is not referred to by at
least one kinematic_property representation_relation as definition.
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5.2.6
5.26.1

5.2.6.2

5.2.6.3

TAS schema function definitions
get_names

The function get_names computes the set of labels assigned as a hame to a named_item through
TAS_name_assignment.

EXPRESS specification:
*
FUNCTI ON get _nanes(prop: naned_iten): SET CF | abel ;
LOCAL
i: I NTECER
sav: BAG OF TAS nane_assi gnnent ;
result: SET CF | abel;
END_LOCAL;

sav := USEDIN( prop, ' TAS SCHEMA TAS _NAME ASSI GNMENT. | TEMS' ) ;

REPEAT i : =LA NDEX(sav) TO H | NDEX(sav);
result[i]:=sav[i].assigned_nane;
END_REPEAT;

RETURN(resul t);

END_FUNCTI O\

( *

Argument definition:

prop: specifies the named_item for which the names are computed.

get_tools

The function get_tools computes the set of action_resour ces that refer to a NRF_run and having the
kind ‘tool_or_facility’.

EXPRESS specification:
*
FUNCTI ON get _tool s(prop: NRF_run): SET CF action_resource;
LOCAL
i | NTECER
sav: BAG OF action_resource;
result: SET CF action_resource;
END LOCAL;

sav := USEDI N[ prop, 'TAS SCHEMA ACTI ON_RESOURCE. USAGE );

REPEAT i: =LA NDEX(sav) TO H | NDEX(sav);
IF (sav[i].kind. nane="tool or_facility') THEN
result[i]:=sav[i];
END | F;

END_REPEAT;

RETURN(resul t);

END_FUNCTI O\

( *

Argument definition:

prop: specifies the NRF_run for which the creating tools and facilities are computed.

get_timestamps

The function get_timestamps computes the set of date and_times that are assigned through
TAS date assignment to aNRF_run with therole ‘ start_date and time'.

EXPRESS specification:
*)
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5.2.6.5

FUNCTI ON get _timestanps(prop: NRF_run): SET CF date_and_ti ne;
LOCAL

i: INTECER

sav: BAG OF TAS date_assi gnnent;

result: SET CF date_and_ti ne;
END LOCAL;

sav := USEDIN( prop, ' TAS SCHEMA TAS_DATE ASSI GNMENT. | TEMS' ) ;

REPEAT i: =LA NDEX(sav) TO H | NDEX(sav);
IF (sav[i].role. nane="start_date_and_tine’) THEN
result[i]:=sav[i].assigned _date_and_ti re;
END | F;

END_REPEAT;

RETURN(resul t);
END_FUNCTI Q\

( *
Argument definition:
prop: specifiesthe NRF_run for which the starting dates are computed.

unique_ids

The function unique_ids checks whether the attributes id of abag of items are unique.
The result is TRUE if the ids are unique.

EXPRESS specification:
FUNCTI ON uni que_i ds(sav: BAG OF GENER O : LQO4d CAL;
LOCAL
i | NTEGER
bag_id: BAG CF identifier;
END_LQCAL;

REPEAT i : =LA NDEX(sav) TO H | NDEX(sav);
bag_id[i] := sav[i].id;
END_REPEAT;

RETURN( VALUE_UN QUE( bag_i d)) ;

END_FUNCTI O\

( *

Argument definition:

sav: specifies the bag of generic items for which the unicity of the idsis checked.

unique_names

The function unique_names checks whether the attributes name of a bag of items are unique.
Theresult is TRUE if the names are unique.

EXPRESS specification:

*

FUNCTI ON uni que_nanes(sav: BAG OF GENER O : LOd CAL;

LOCAL
i | NTEGER
bag_nanes: BAG CF | abel ;

END_LQCAL;

REPEAT i : =LO NDEX(sav) TO H | NDEX(sav) ;
bag_names[i] := sav[i].name;

END REPEAT;
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RETURN( VALUE_UNI QUE( bag_nanes) ) ;

END_FUNCTI O\

( *

Argument definition:

sav: specifies the bag of generic items for which the unicity of the names is checked.

5.2.6.6 valid_properties_of celestial_body

The function valid_properties of _celestial_body checks if a TAS celestial_body has thermal and
gravitational properties. The function return TRUE in such a case, FAL SE otherwise.

EXPRESS specification :
*
FUNCTI ON val i d_properties_of _cel estial _body(item TAS cel esti al _body) : BOCLEAN,
LOCAL
resul t: BOCOLEAN
prod_def _formset: BAG OF product _definition_formation;
prod_def _set : BAG CF product _definition;
prop_def _set: BAG CF property_definition;

i,j,ki INTECER
nb_propl, nb_prop2: | NITECER
END_LOCAL;

prod_def _formset := QUERY(pdf <* USED N(item
* TAS_SCHEMVA. PRODUCT_DEFI NI TI ON_FCRVATI ON OF_PRCDUCT” |
(* TAS_SCHEMA. SI R_PRODUCT_VERSI QN | N TYPECH( pdf)));

REPEAT k: =LQ NDEX( prod_def _formset) TO H I NDEX(prod_def _form set);
prod_def _set:= USED N prod_def _formset[K],

* TAS_SCHENVA. PRCDUCTI ON_DEFI NI TI O\ FORVATI ON ) ;
nb_propl: =0;
nb_pr op2: =0;

(* checks if the expected properties are present *)
REPEAT i : =LA NDEX( prod_def _set) TO H | NDEX( pr od_def _set);
prop_def _set: = USEDI N prod_def_set[i],
‘ TAS_SCHEMA PRCPERTY_DEFI NI TION DEFINI TION ) ;
REPEAT | : =LA NDEX( pr op_def _set) TO H | NDEX( prop_def _set);
I F (* TAS_SCHENVA TAS_GRAVI TATI ONAL_ASPECTS OF CELESTIAL_BCDY' IN
TYPECF(prop_def _set[j])) THEN
nb_propl: = nb_propl + 1,
END | F;
I F (* TAS_SCHEVA TAS THERVAL_ASPECTS O CELESTI AL_BCDY' I N
TYPECF(prop_def _set[j])) THEN
nb_prop2: = nb_prop2 + 1;
END | F;
END_REPEAT;
END_REPEAT;

I'F NOT ((nb_propl=1) AND (nb_prop2<=1)) THEN
RETURN( FALSE) ;
END | F;
END_REPEAT;

RETURN( TRUE) ;
END_FUNCTI O\

( *
Argument definitions:
item: specifiesaTAS celestial_body. Thisisthe input of the function.
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5.2.6.7

5.2.6.8

orbit_assigned_to

The function orbit_assigned_to checks whether a TAS orbit_arc is associated with the considered
TAS celestial_body with_orbit. It returns TRUE in such a case, FAL SE otherwise.

EXPRESS specification :
*
FUNCTI ON or bit _assi gned_to(item TAS cel estial _body_wi th_orbit): BOOLEAN
LOCAL
prod_def formset: BAG OF product _definition_formation;
prod_def _set: BAG CF product _definition;
prop_def _set: BAG CF property_definition;
orbit_set: BAG OF TAS orbhit_assignment;

i,j,k: INTEGER
nb_orbit: | NTEGER
END LOCAL;

prod_def _formset := QUERY(pdf <* USED N(item
* TAS_SCHEMA. PRCDUCT_DEFI NI TI ON_FCRVATI ON OF_PRCDUCT" ) |
(* TAS_SCHEMA. SI R_PRODUCT_VERSI ON | N TYPECH( pdf)));

REPEAT i : =LA NDEX(prod_def _formset) TO H | NDEX(prod_def _formset);
prod_def _set:= USED N prod_def _formset[i],

* TAS_SCHENVA. PRCDUCTI ON_DEFI NI TI O\ FORVATI ON ) ;
nb_orbi t: =0;

REPEAT j : =LA NDEX(prod_def _set) TO H | NDEX( pr od_def _set);
prop_def _set:= USEDI N prod_def_set[j],
* TAS_SCHEMA. PROPERTY_DEFIN TION DEFIN TION ) ;
REPEAT k: =LA NDEX( pr op_def _set) TO H | NDEX( prop_def _set);
orbit_set:= USED N prop_def_set[k],
‘ TAS_SCHEMA TAS_CORBI T_ASS| GNVENT. RELATED PRCPERTY_DEFIN TION ) ;
nb_orbit:= nb_orbit + SIZECF(orbit_set);
END_REPEAT;
END_REPEAT;

I F (nb_orbit<>1) THEN
RETURN( FALSE) ;
END I F;
END_REPEAT;

RETURN( TRUE) ;

END_FUNCTI O\

(*

Argument definition:

item: specifies a TAS celestial_body_with_orbit for which the associated TAS orbit_arc is looked
for.

TAS valid_associated kepler_set

Thefunction TAS valid_associated_kepler _set checksif the possible association of the geom_rep of
an instance of TAS discretised_orbit_arc with kepler parametersis correct.

EXPRESS specification :
*
FUNCTI ON TAS val i d_associ at ed_kepl er _set (i tem TAS di screti sed_orbit_arc): BOOLEAN
LOCAL
resul t: BOOLEAN
auxr: SET COF representation_rel ationship;
END LOCAL;

auxr: = USEDI N(i tem geomrep, ‘'TAS SCHEMA REPRESENTATI ON RELATI ONSH P. REP_1");
result := (Sl ZECF(auxr) <= 1);
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5.2.6.9

IF result AND (SI ZECGF(auxr) = 1) THEN
result:= (auxr[1].description = ‘association with unperturbed orbit data’) AND
(* TAS_SCHENVA TAS_SPACE_COCRDI NATE_SYSTEM | N TYPECF
(auxr[1].rep_2.context_of _itens)) AND
(Sl ZECF(auxr[1].rep_2.itens) = 1);
IF result THEN
result:= (' TAS_SCHEMA TAS KEPLER SET' I N TYPECF(auxr[1] .rep_2.itens[1]));
END | F;
END | F;

RETURN(resul t);

END_FUNCTI O\

( *

Argument definitions:

item: instance of TAS discretised orbit_arc. Thisisthe input of the function.

TAS valid_albedo reflector

The function TAS valid_albedo_reflector checks if an instance of TAS albedo_reflector has the
expected structure and properties.

EXPRESS specification :

*

FUNCTI ON TAS val i d_al bedo_refl ector (i tem TAS al bedo_ref| ect or) : BOOLEAN,
LOCAL

rel ated: product_definition;

rel ating: product_definition;

resul t: BOCLEAN

auxp, auxp2: BAG CF property_definition;

auxr: BAG CF property_definition_representation;

END_LQOCAL;

related: = i tem product _definition_rel ationship.rel ated_product _definition;
relating: = itemproduct_definition_relationship.relating_product_definition;

result:= ' TAS SCHEMA TAS CELESTI AL_BODY' I N TYPECH(rel ati ng. formati on. of _product);

IF (result) THEN
result := (related :<> relating);
END | F;

IF (result) THEN
auxp: = USEDI N(i tem ‘TAS SCHEMA PRCPERTY_DEFI NI TION DEFINI TION ) ;
auxp2: = QUERY( prop_def <* auxp | (prop_def.name = ‘a bedo reflection
characteristics'));
result := (SIZECF(auxp2) = 1);
END | F;

IF (result) THEN
auxr: = QUERY( prdr <*
USEDI N( auxp2, ' TAS_SCHEMA. PRCOPERTY_DEFI NI TI ON_REPRESENTATICN DEFINITION ) |
(* TAS_SCHENVA. TAS_ALBEDO REFLECTI ON_DATA' | N TYPECH(prdr)));
result:= (Sl ZEG-(auxr) =1);
END | F;

RETURN(resul t);

END_FUNCTI O\

(*

Argument definitions:

item: instance of TAS albedo reflector. Thisisthe input of the function.
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*
)
END SCHEMA;, -- TAS schena
(*
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Clause 6 - Confor mance Requirements

Conformance to this application protocol includes satisfying the requirements stated in this document,
the requirements of the implementation method(s) supported and the relevant requirements of the
normative references.

An implementation shall support at least one of the following implementation methods:
e |SO 10303-21.

Requirements with respect to implementation methods are specified in annex C.

The Protocol Information conformance Statement (PICS) proformallists

This application protocol provides for a number of options that may be supported by an
implementation. These options have been grouped into the following conformance classes:

* CC-1: thermal radiation model with basic geometry;

¢ CC-2: thermal radiation model with basic geometry and kinematic model;

¢ CC-3: thermal radiation model with basic and constructive geometry;

* CC-4: thermal radiation model with basic and constructive geometry and kinematic model;

¢ CC-5: thermal radiation model with basic geometry, kinematic model and space mission aspects;

¢ CC-6: thermal radiation model with basic and constructive geometry, kinematic model and space
Mission aspects.

Support for a particular conformance class requires support of al the options specified in this class.

Table 6-1 below specifieswhich AIM elements shall be supported for each of the conformance classes.

Note 98 — The AIM elements are listed in the order in which they appear in the 1ISO 10303 and
13584 Integrated Resources and Space-domain Integrated Resources.

Note 99 — Some AlM elements are not required in any conformance class. These elements appear in
the list, because they are part of the AICs [STEP-509] and/or [STEP-511]. They are however not
required in the STEP-TAS ARM and therefore not yet supported in the STEP-TAS protocol. To
achieve in the future full compatibility with [STEP-203] conformance class 4 support for these
elements will become necessary.
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Table 6-1 - Required AIM elements per confor mance class

AIM element CC-1 |[CC-2 |CC3 |CC4 |CCH |CCh
application_context X X X X X X
application_protocol_definition X X X X X X
application_context_element X X X X X X
product_context X X X X X X
product_definition_context X X X X X X
product X X X X X X
product_category X X
product_related_product_category X X
product_definition_formation X X X X X X
product_definition X X X X X X
product_definition_relationship X X X X X X
characterized object X X X X X X
property_definition X X X X X X
product_definition_shape X X X X X X
shape_aspect X X X X X X
shape representation X X X X X X
property_definition_representation X X X X X X
name_assignment X X X X X X
document_reference X X X X X X
action_assignment X X
approval _assignment X X X X X X
security _classification_assignment X X X X X X
organization_assignment X X X X X X
person_and_organization _assignment X X X X X X
date and time_assignment X X X X X X
group_assignment X X X X X X
document_type X X X X X X
document X X X X X X
document_usage_constraint X X X X X X
action X X
executed_action X X
action_relationship X X
action_method X X
action_resource X X
action_resource_type X X
approval _status X X X X X X
approval X X X X X X
approval_date time X X X X X X
approval_person_organization X X X X X X
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Table 6-1 - Required AIM elements per confor mance class (Continued)

AIM element CC-1 |CC-2 |CC-3 |CC4 |CCh
approval_role X X X X X

o))

security_classification_level

security _classification

address

personal_address

organizational_address

person

organization

organizational _project

person_and_organization

person_and_organization role

organization_role

date

calendar_date

coordinated_universal_time_offset

loca_time

date and_time

date time role

XXX XXX XXX XXX X|X|X| X|X|X
XXX XXX X| X[ X| X[ X|X|X|X|X|X|X|X
XXX XXX XXX XXX X|X|X]|X|X]|X
XXX XXX XXX XXX X X|X| X|X|X

group

effectivity

named_unit

Si_unit

conversion_based_unit

context_dependent_unit

length_unit

mass_unit

time_unit

electric_current_unit

thermodynamic_temperature_unit

amount_of substance unit

luminous_intensity _unit

plane_angle unit

solid_angle_unit

area_unit

volume_unit

ratio_unit

dimensional_exponents

derived_unit_element

derived_unit

@)
X | X x| | X x| X x| X X x| X X X X X X X X X X x| x| x| x| x| x| x| x| x| x| x| x| x| x| x| Q

XXX XXX XXX XXX XIX|XPX|X| XXX X| XXX XXX XXX XX X|X|X|X|X|X|X

XXX XXX XXX XXX XXX X|X|X|X]|X
XXX XXX XXX X[ X|X|X|X|X|X|X|X|X|X
XXX XXX XXX XXX X X|X| X|X|X|X]|X
XXX XXX XXX XXX XXX X|X|X|X]|X

global _unit_assigned_context
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Table 6-1 - Required AIM elements per confor mance class (Continued)

AIM element CC-1 |[CC-2 |CC3 |CC4 |CCH |CCh
measure_with_unit X X
length_measure with_unit X X
mass_measure_with_unit X X
time_measure with_unit X X
electric_current_measure_with_unit X X
thermodynamic_temperature_measure with_unit X X
amount_of substance measure with_unit X X
luminous_intensity measure with_unit X X
plane_angle measure with_unit X X
solid_angle_measure with_unit X X
area_measure_with_unit X X
volume_measure with_unit X X
ratio_measure_with_unit X X
geometric_representation_context X X X X X X
geometric_representation_item X X X X X X
point X X X X X X
cartesian_point X X X X X X
point_on_curve

point_on_surface

degenerate_pcurve

evaluated degenerate pcurve

direction X X X X X X
vector X X X X X X
placement X X X X X X
axisl_placement X X X X X X
axis2_placement_2d

axis2_placement_3d X X X X X X
cartesian_transformation_operator X X X X X X
cartesian_transformation_operator_3d X X X X X X
curve X X X X X X
line X X X X X X
conic X X X X X X
circle X X X X X X
elipse

hyperbola

parabola X X X X X X
bounded_curve X X X X X X
polyline

b_spline_curve

b_spline_curve with_knots
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Table 6-1 - Required AIM elements per confor mance class (Continued)

AIM element CC-1 |[CC-2 |CC3 |CC4 |CCH |CCh
uniform_curve

quasi_uniform_curve

bezier_curve

rationa_b_spline_curve

composite_curve

composite_curve_segment

pcurve

surface _curve

intersection_curve

Seam_curve

bounded surface curve

offset_curve_3d

curve replica

surface

elementary surface

plane

cylindrical_surface

conical_surface

XX | X | X | X| X
X| X | X| X| X| X
X | X | X X| X| X
X| X | X | X | X | X
X| X | X X| X| X
X| X | X | X[ X| X

spherical_surface

toroidal_surface

degenerate toroidal_surface

swept_surface X X X X X X

surface of linear_extrusion

surface of revolution X X X X X X

bounded surface X X X X X X

b_spline surface

b_spline_surface with_knots

uniform_surface

quasi_uniform_surface

bezier_surface

rationa_b_spline_surface

offset_surface

surface replica X X X X X X
topological_representation_item X X X X X X
vertex X X X X X X
vertex_point X X X X X X
edge X X X X X X
edge curve X X X X X X
oriented edge X X X X X X
path X X X X X X
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STEP AP - Thermal Analysisfor Space

Clause 6 - Conformance Requirements

Table 6-1 - Required AIM elements per confor mance class (Continued)

AIM element

CC-1

CC-2 |CC3 |CC4 |CC5 |CCo

oriented path

X

X

X X X X

loop

X

X

X X X X

vertex_|loop

edge loop

face bound

face outer bound

face

face surface

oriented face

connected face set

open_shell

oriented _open_shell

closed shell

oriented closed_shell

shell_based_surface_model

XX | X | X | X X | X | X | X X|X| X

XIX|X|X| X X| X|X| X|X|X|X

XX X X | X[ X| X| X| X| X|X|X

half_space solid

uncertainty_measure_with_unit

representation_context

global_uncertainty assigned_context

representation_item

representation

X | X | X | X | X

XX XXX XXX XXX X[ X|X|X]|X|X|X

representation_relationship

item_defined_transformation

functionally_defined_transformation

representation_map

>

x

mapped_item

XIX| XX X[ X| X| X| X| X

XX XXX XXX XXX X| XX X[ X X[ X| X[ X]|X|X| X
X XXX XXX XXX XXX XXX X[ X| X[ X|X|X| X

XX | XX | X | X[ X| X|X]|X

definitional _representation

parametric_representation_context

product_definition_usage

assembly_component_usage

next_assembly usage occurrence

colour

colour_specification

colour_rgb

material_property

XX | X | X | X | XX

X| X | X | X | X|X| X

XX | X | X | X | XX
XX | X | X | X | XX

property _definition_relationship

material_designation

material_designation_characterization

material_property representation

data_environment

X | X | X | X

X | X| X| X

XXX X | X | X| X| X[ X|X|X]|X
XX | XX | X | X | X | X[ X| X|X]|X

X | X | X | X
X | X | X| X
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Clause 6 - Conformance Requirements

Table 6-1 - Required AIM elements per confor mance class (Continued)

AIM element CC-1 |CC-2 |CC-3 |CC4 |CCh
type_qualifier X X X X X

o))

measure_representation_item

descriptive_representation_item

rotation_about_direction

kinematic_property definition

kinematic_property representation_relation

kinematic_ground_representation

mechanism

kinematic_structure

kinematic_joint

kinematic_link

kinematic_link_representation_relation

kinematic_link_representation

kinematic_link_representation_association

kinematic_pair

pair_actuator

pair_value

simple_pair_range

revolute pair

revolute pair_range

revolute pair_value

prismatic_pair

prismatic_pair_range

XX X XX XXX XXX XXX XXX X|X|X| X
XX X XX XXX XXX XXX XXX X|X|X| X

prismatic_pair_vaue

trandlation

generic_expression

simple_gen_expression

generic_litera

generic_variable

variable_semantics

environment

unary_gen_expression

binary_gen_expression

m_ary_gen_expression

expression

variable

numeric_expression

simple_n_expression

literal_number

@)
X | X x| X X x| X x| X X x| X X X X X X X x| X X x| x| x| x| x| x| x| x| x| x| x| x| x|x|x|Q

XIEX| XX XX XX XX XX XX XX|XIX|XIXIXIX|X| XXX XXIX| XX XXX X|X|X|X|X

int_literal
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STEP AP - Thermal Analysisfor Space Clause 6 - Conformance Requirements

Table 6-1 - Required AIM elements per confor mance class (Continued)

AIM element CC-1 |CC-2 |CC-3 |CC4 |CCh
real_literal X
numeric_variable

)]

int_numeric_variable

real_numeric_variable

unary_n_expression

binary n_expression

m_ary _n_expression

plus_expression

mult_expression

power_expression

boolean_expression

unary_B_expression

binary B_expression

m_ary B _expression

comparison_expression

comparison_greater_equal

comparison_less equal

interval_expression
mathematical_string
SIR_product_version X X X X
SIR variable

SIR_parameterized function

SIR_polynomial_function
SIR_tabular_function
SIR_cyclic_tabular_function

O
XXX 3 X 3| X x| | > x| x| x| > x| x| ] x| x| x| x| x| x| x| x| x| x| x| Q

XXX XXX XXX XXX XPX|XPX|X| XXX X|X| XX XXX XIX[X|X[|X|X|X|X|X|X|X|X

SIR_model X X X X
SIR_node X X X X
SIR_node_relationship X X X X
SIR_submodel _usage X X X X
SIR_node _usage X X X X
SIR_node_relationship_usage X X X X
SIR_component_sequence

SIR list_of descriptive values X X X X
SIR list_of functions

SIR_property_name X X X X
SIR_property class X X X X
SIR_property_scalar X X X X
SIR_property_descriptive X X X X
SIR_property_functional

SIR_applicability_of values X X X X
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Clause 6 - Conformance Requirements

Table 6-1 - Required AIM elements per confor mance class (Continued)

AIM element

CC-1

CC-2 |CC3 |CC4 |CC5

o))

SIR_property_quantitative

X

X X X X

SIR_property_tensor

SIR_scalar_in_tensor

SIR_property_meaning

X
X
X

X X X
X X X
X X X

SIR_aspect

SIR_ato_campaign

X

>
x
X

SIR_ato_case

x

x
x
X

SIR_case in_campaign

SIR_ato_phase

SIR _initial_conditioning

SIR_property_usage

SIR_scan

NRF_scan_sampled

NRF_scan_derived

NRF_derivation_procedure

NRF_derivation_result

NRF_derivation_bounds

NRF_derivation

SIR_mask

SIR_unit_assignment

SIR_unit_with_offset

>

>
X
X

SIR_number_valued property

SIR_function_valued property

SIR_string_valued_property

SIR_space _mission_case

SIR_space _mission_phase

SIR_space_aspect_in_phase

SIR_space_mission_aspect

SIR_space _mission_event

SIR_event_effectivity

SIR_event_assignment

SIR_position_and_velocity

SIR_kepler_set

SIR_placement_transformation

SIR_pointing_in_space

SIR_space_direction

SIR_rotation_motion

X XX XXX XXX XXX XXX XPX| XXX X[ X| XX X|X|X|X|X|X|X|X|X|X|X|X

SIR_boolean_result_surface

SIR_boolean_result_replica

>
X

SIR thermal_radiative face set

@)
X | X x| X X x| X x| X X X X X X X X X X X X X x| x| x| x| x| x| x| x| x| x| x| x| x|x|x|Q
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STEP AP - Thermal Analysisfor Space

Clause 6 - Conformance Requirements

Table 6-1 - Required AIM elements per confor mance class (Continued)

AIM element CC-1 |[CC-2 |CC-3 |CC4 |CCHh 6
SIR_thermal_radiative_meshing X X X X X
SIR_thermal_radiative_incremental_meshing X X X X
SIR_thermal_radiative_explicit_meshing X X X X
SIR_colour_assignment X X X X

SIR_implicit_revolute pair_value

SIR_kinematic_articulation

SIR_kinematic_link

advanced face

manifold_surface shape representation

TAS security _assignment

TAS date_assignment

TAS approva_assignment

TAS_contact_assignment

TAS name_assignment

TAS commercia_designation

TAS supplier

TAS colour_assignment

TAS document_reference

TAS _model_product_relationship

XXX X | X | X | X | X[ X| X|X]|X
XX X| X[ X|X| X| X| X|X|X|X|X
XX | XX | X | X | X | X[ X| X|X]|X
XXX XX | XX | XX X| X[ X| X

NRF_run

NRF_run_phase

NRF_run_results

NRF_run_sequence

NRF_run_sequence _case

NRF_run_in_sequence

TAS space coordinate_system

TAS gravitational _constant

TAS revolution_period

TAS notional_distance

TAS thermal_flux

TAS thermal_radiation_spectrum

TAS evauation_event

TAS orbit_governor

TAS orbit_assignment

TAS orbit_arc

TAS discretised orbit_arc

TAS kepler_orbit_arc

TAS celestial_body

TAS celestial_body with_orbit

TAS gravitational_aspects of _celestial_body

O
X33 x| > x| 3| x| | x| x| x| x| x| ] x| x| x| x| x| x| x| x| x| x| x| ©

XXX XXX XXX XXX XIX|XPX|X| XXX X|X| XXX XXX X[X|X|X|X|X|X|X|X|X|X
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Clause 6 - Conformance Requirements

Table 6-1 - Required AIM elements per confor mance class (Continued)

AIM element CC-1 |[CC-2 |CC3 |CC4 |CCH |CCh
TAS thermal_aspects of celestial_body X X
TAS abedo reflector X X
TAS abedo reflection_data X X
TAS body motion_representation X X
TAS thermal_environment X X
TAS therma_environment_data X X
TAS material_property_environment X X X X X X
TAS basic_thermal_radiative_model X X X X X X
TAS meshed thermal_radiative_ model X X X X X X
TAS enclosure X X X X X X
TAS material_property X X X X X X
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Annex A - AIM EXPRESS expanded listing (normative)

Annex A - AIM EXPRESS expanded listing (nor mative)

Al I ntroduction

This file was generated by EXTOOL V3.5, EXPRESS toolkit devel oped by Association GOSET.

A2 AIM expanded listing

-- QCBET ASSQO ATI ON

--  NANTERRE - FRANCE

-- EXT(IJ_' ' éﬁort to Long Transl ator

-- FILE /honel/certif/general /huau/tas/|form

SCHEMA TAS scheng;
(*
*)

TYPE characterized_definition = SELECT
(characteri zed_obj ect,
characterized_product _definition,
shape_definition);
END TYPE;

TYPE charact eri zed_product _definition = SELECT
(product _definition,
product _definition_relationship);
END _TYPE;

TYPE shape_definition = SELECT
(product _defi ni ti on_shape,
shape_aspect);
END TYPE;

TYPE supported_item = SELECT
(action,
acti on_net hod) ;
END TYPE;

TYPE person_organi zati on_sel ect = SELECT
(per son,
or gani zat i on,
per son_and_or gani zation);
END _TYPE;

TYPE date_tinme_sel ect = SELECT
(dat e,
| ocal _tine,
date_and_time);
END TYPE;

TYPE year _nunber = | NTEGER,
END _TYPE;

TYPE nmont h_i n_year _nunber = | NTECER,
WHERE
WRL: { 1 <= SELF <= 12 };
END _TYPE;
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STEP AP - Thermal Analysisfor Space Annex A - AIM EXPRESS expanded listing (normative)

TYPE day_i n_nont h_nunber = | NTECER,
END_TYPE;

TYPE ahead_or _behi nd = ENUMERATI ON CF
(ahead,
behi nd) ;
END TYPE;

TYPE hour _i n_day = | NTEGER
WHERE
WRL: { 0 <= SELF < 24 };
END TYPE;

TYPE ninute_i n_hour = | NTECGER,
WHERE
WRL: { 0 <= SELF <= 59 };
END _TYPE;

TYPE second_in_minute = REAL;
WHERE
WRL: { O <= SELF < 60 };
END TYPE;

TYPE identifier = STRNG
END_TYPE;

TYPE | abel = STRNG
END_TYPE;

TYPE text = STRNG
END_TYPE;

TYPE measure_val ue = SELECT

(I'engt h_neasure,
nass_reasur e,
tine_neasure,
el ectric_current_neasure,
t her nodynani c_t enper at ur e_measur e,
amount _of _subst ance_neasur e,
I um nous_i ntensi ty_neasure,
pl ane_angl e_neasur e,
sol i d_angl e_reasur e,
ar ea_neasur e,
vol une_rreasur e,
rati o_neasure,
par arret er _val ue,
nuneri c_neasure,
cont ext _dependent _neasur e,
descri ptive_neasure,
posi tive_| engt h_measure,
posi ti ve_pl ane_angl e_neasur e,
positive_ratio_measure,
count _rreasure) ;

END TYPE;

TYPE | engt h_measure = REAL;
END TYPE;

TYPE nass_neasure = REAL;
END TYPE;

TYPE ti me_measure = REAL;
END TYPE;

TYPE el ectric_current_neasure = REAL;
END TYPE;

TYPE t her nodynani c_t enper at ure_neasure = REAL;
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A.2 AIM expanded listing

END_TYPE;

TYPE anount _of substance_measure = REAL;
END TYPE;

TYPE | um nous_i ntensity_measure = REAL;
END TYPE;

TYPE pl ane_angl e_reasure = REAL;
END TYPE;

TYPE solid_angl e_nmeasure = REAL;
END TYPE;

TYPE area neasure = REAL;
END_TYPE;

TYPE vol ume_neasure = REAL;
END_TYPE;

TYPE rati o_measure = REAL;
END_TYPE;

TYPE par anet er _val ue = REAL;
END_TYPE;

TYPE nurreri c_measure = NUMBER
END_TYPE;

TYPE positive_| ength_neasure = | engt h_measur e;
WHERE
WRL: SELF > 0;
END _TYPE;

TYPE posi tive_pl ane_angl e_nmeasure = pl ane_angl e_neasur e;
WHERE
WRL: SELF > 0;
END TYPE;

TYPE positive_ratio_measure = ratio_measure;
WHERE
WRL: SELF > 0;
END _TYPE:

TYPE cont ext _dependent _neasure = REAL;
END _TYPE:

TYPE descriptive_neasure = STRING
END_TYPE;

TYPE count _neasure = NUMBER
END_TYPE;

TYPE unit = SELECT
(naned_uni t,
derived_unit);
END _TYPE;

TYPE si _unit_nanme = ENUVERATI ON CF
(netre,
gram
second,
anper e,
kel vi n,
ol e,
candel a,
radi an,
st eradi an,

STEP-TAS-012-AP Release 2.4 (28 March 1997) A-3



STEP AP - Thermal Analysisfor Space Annex A - AIM EXPRESS expanded listing (normative)

hertz,
new on,
pascal ,
joul e,
watt,
coul onb,
vol t,
farad,
ohm
si enens,
weber ,
tesl a,
henry,
degree_Cel si us,
| unen,
| ux,
becquerel ,
gr ayl
si evert);
END_TYPE;

TYPE si _prefix = ENUMERATI ON CF
(exa,
pet a,
tera,
gi ga,
nmega,
kil o,
hect o,
deca,
deci ,
centi,
mlli,
m cro,
nano,
pi co,
fento,
atto);
END TYPE;

TYPE di mensi on_count = | NTEGER,
WHERE

WRL: SELF > 0;
END TYPE;

TYPE transition_code = ENUMERATI ON CF
(di sconti nuous,
cont i nuous,
cont _sane_gr adi ent,
cont _sane_gradi ent _same_curvature);
END TYPE;

TYPE preferred_surface_curve_representati on = ENUVERATI CN CF
(curve_3d,
pcurve_s1,
pcurve_s2);
END TYPE

TYPE b_spl i ne_curve_form = ENUVERATI ON CF

(polyline_form
circular_arc,
elliptic_arc,
parabolic_arc,
hyper bol i c_arc,
unspeci fied);

END TYPE;

TYPE b_spline_surface_form= ENUMERATI ON CF
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A.2 AIM expanded listing

(pl ane_surf,
cylindrical _surf,
coni cal _surf,
spheri cal _surf,
toroi dal _surf,
surf_of revol ution,
rul ed_surf,
gener al i sed_cone,
quadric_surf,
surf_of _|inear_extrusion,
unspeci fi ed);

END TYPE;

TYPE knot _type = ENUMERATI ON CF
(uni formknot s,
unspeci fi ed,
quasi _uni f or m knot s,
pi ecew se_bezi er _knots);
END TYPE

TYPE axi s2_pl acerment = SELECT
(axi s2_pl acenent _2d,
axi s2_pl acement _3d) ;
END TYPE;

TYPE curve_on_surface = SELECT
(pcurve,
surface_curve);

END _TYPE

TYPE pcurve_or_surface = SELECT
(pcurve,
surface);

END _TYPE;

TYPE trimmi ng_sel ect = SELECT
(cartesi an_point,
par aret er _val ue) ;
END TYPE,

TYPE vector_or_direction = SELECT
(vector,
direction);
END TYPE,

TYPE shel |l = SELECT
(open_shel I,
cl osed_shel |);
END_TYPE;

TYPE reversi bl e_topol ogy_item = SELECT

(edge,
pat h,
f ace,
face_bound,
cl osed_shel I,
open_shel 1);

END _TYPE;

TYPE |ist_of reversible topology item=

LIST [0:?] of reversible_topol ogy_item

END_TYPE;

TYPE set _of _reversi bl e_topol ogy_item=

SET [0:?] of reversible_topology item

END_TYPE;

TYPE reversi bl e_t opol ogy = SELECT
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STEP AP - Thermal Analysisfor Space

(reversibl e_topol ogy_item
l'ist_of _reversible_topol ogy_item
set _of _reversi bl e_topology_iten);
END TYPE,

TYPE bool ean_oper at or = ENUMERATI ON CF
(uni on,
i ntersection,
di fference);
END TYPE;

TYPE geonetric_set_sel ect = SELECT
(poi nt,
curve,
surface);
END TYPE;

TYPE surface_nodel = SELECT
(shel | _based_surface_nodel );
END _TYPE;

TYPE transformation = SELECT
(i tem defined_transformation,
functional | y_defined_transformation);
END TYPE,

TYPE characterized_naterial _property = SELECT
(nmaterial _property_representation);
END _TYPE;

TYPE val ue_qualifier SELECT
(type_qualifier);

END_TYPE;

TYPE rigi d_pl acement = SELECT
(axi s2_pl acenent _3d) ;
END_TYPE;

TYPE rotational _range_reasure = SELECT
(pl ane_angl e_neasure,
unlimted_range);
END TYPE;

TYPE transl ati onal _range_neasure = SELECT
(I engt h_mreasur e,
unlimted_range);
END _TYPE,

TYPE spatial _rotation = SELECT
( rotation_about _direction);
END TYPE,

TYPE unlinited_range = ENUMERATI ON CF
(unlimted);
END _TYPE

TYPE ki nenati c_frame_background = SELECT
(poi nt,
curve,
surface);
END_TYPE;

TYPE noti on_par anet er _neasure = SELECT
(par anet er _val ue,
measure_w th_unit);
END TYPE;

TYPE | ess_or_greater = SELECT(

A-6
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A.2 AIM expanded listing

conpari son_| ess_equal ,
conpari son_greater_equal);
END TYPE
TYPE tabul ar _i nterpol ati on = ENUMERATI ON CF (
pol ynom al ,
l'inear_| ogarithmc);
END_TYPE;
TYPE tabul ar _i nterpol ati on_degree = | NTEGER
WHERE
WRL: SELF >= 1;
END_TYPE;
TYPE list_real literals = LIST[1:?] OF REAL;
END_TYPE;
TYPE | ist_ascending real literals =list_real literals;
WHERE
WRL: ascending_l i st (SELF);
END _TYPE;
TYPE SI R nodel _constituent = SELECT(
SI R _node,
SI R _node_r el ati onshi p,
Sl R_subnodel _usage
);
END_TYPE;
TYPE SI R node_or_usage = SELECT(
SI R _node,
SI R_node_usage
);
END TYPE
TYPE S| R _networ k_conponent = SELECT(
SI R nodel ,
SI R node,
SI R_node_usage,
SI R node_rel ati onshi p,

SI R _node_rel ati onshi p_usage,
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STEP AP - Thermal Analysisfor Space Annex A - AIM EXPRESS expanded listing (normative)

SI R _subnodel _usage
);
END TYPE
TYPE SIR property_symmetry = ENUMERATI ON OF (symmetrical, antisymetrical);
END_TYPE;
TYPE SIR |ist_of _values_or_functions = SELECT (
SIR |ist_of _descriptive_values, SIRIist_of_functions);
END TYPE;
TYPE SI R descriptive_or_functional = SELECT (
SIR property_descriptive, SIR property functional);
END_TYPE;
TYPE SIR |lifetine_type = ENUMERATI ON CF (invariant, sanple, interval);
END TYPE ;
TYPE SI R absci ssa_sequenci ng_type = ENUVERATI ON OF (
strictly_decreasing,
nonot oni ¢_decr easi ng,
nonot oni ¢_i ncr easi ng,
strictly_increasing
);
END TYPE ;
TYPE SIR case_or_phase = SELECT (

SIR ato_case, SIR ato_phase);

END_TYPE;
TYPE SI R nunber = NUMBER
END TYPE;

TYPE SIR string = STRING

END TYPE
TYPE SI R nunber _or_string = SELECT (
SIR nunber, SIR string);
END TYPE
TYPE SIR index_interval = ARRAY[1: 2] COF | NTECER
WHERE
WRL: SELF 1] >= O;

WR2: SELF[ 2] >= SELF[1];
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A.2 AIM expanded listing

END_TYPE;
TYPE true_anonaly = pl ane_angl e_neasur ¢;
END TYPE;

TYPE event = SELECT ( date_and_tinme, time_neasure, true_anonaly);
END TYPE;

TYPE consi dered_aspect = SELECT (
dat a_envi ronnent ,
SI R pl acenent _transfornati on,
property_definition_representation,
SIR kinenatic_articul ation);

END TYPE,

TYPE description_or_direction = SELECT (
descriptive representation_item
direction,

SIR space_direction);

END TYPE

TYPE spi n_posi ti ons_nunber = | NTECER
WHERE

WRL: SELF>0;
END_TYPE

TYPE angul ar _vel oci ty_or _posi ti ons_nunber = SELECT (
nmeasure_with unit,
spi n_posi ti ons_nunber);
WHERE
WRL: NOT (' TAS _SCHENVA. SPI N _PCSI TI ONS_ NUMBER | N TYPECF( SELF)) XOR
val i d_vel oci ty(SELF,' PLANE ANGLE_ LN T');
END TYPE;

TYPE SI R bool ean_operand_1 = SELECT(
advanced_f ace,
open_shel |,
cl osed_shel |,

SI R bool ean_resul t _surface

);
WHERE
WRL: (S| ZEOF([' TAS_SCHEMA ADVANCED FACE ,
' TAS_SCHEMA SI R BOOLEAN RESULT_SURFACE | *TYPECOF(SELF))=1) CR
(Sl ZECF(QUERY(fac <* SELF connected_face_set.cfs_faces | NOT
(' TAS_SCHEMA. ADVANCED FACE | N TYPEOR(fac))))=0);
END TYPE;

TYPE S| R _bool ean_operand_2 = SELECT(
advanced_f ace,
hal f _space_solid

)

END_TYPE

TYPE SIR activity_side = ENUMERATI ON CF (
none,
positive,
negative

)
END_TYPE;

TYPE SI R neshi ng_order = ENUVERATI ON CF (
direction_1 first,
direction 2 first
)

END _TYPE;
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TYPE security classified_ item= SELECT (
S| R rodel ,
SI R node,
SI R _node_r el ati onshi p,
SI R _aspect,
SI R _at o_canpai gn,
SI R at o_case,
SI R at o_phase
);
END TYPE,

g*

TYPE dated_item = SELECT (
SI R _at o_canpai gn,

NRF_run,
SIR paraneteri zed_function
)

END TYPE;

(*

*)

TYPE approved_i tem = SELECT (
SI R _at o_canpai gn

);
END TYPE;

*)

TYPE sourced_item = SELECT (

SI R at o_canpai gn

);

END TYPE

(*

*)

TYPE named_item = SELECT (
NRF_run,
NRF_run_sequence,
mechani sm

);

END _TYPE,

(r

*)

TYPE docunent ed_i t em = SELECT(
SI R pararet eri zed_function);

END TYPE;

(r

*)

TYPE suppl i ed_i tem = SELECT(
mat eri al _desi gnation);

END TYPE,

(*

*)

TYPE col oured_i tem = SELECT(
advanced_f ace) ;

END _TYPE

£*

TYPE TAS radi us_of _cel estial _body = SELECT (
nmeasure_representation_item
SIR function_val ued_property);
WHERE
WRL: ((' TAS_SCHENVA. MEASURE_REPRESENTATI ON | TEM | N TYPECH( SELF)) AND
(" TAS_SCHENMA. LENGTH MEASURE WTH UNT' I N TYPECR(SELF))) XCR
((" TAS_SCHENVA. SI R_FUNCTI ON_VALUED PRCPERTY' | N TYPECF( SELF)) AND
(SELR SIR function_val ued_property. property_usage. meani ng. rol es[ 1] . nane="r adi us')
AND
(SELR SI R function_val ued_property. property_usage. property. name. name='1ength'));
END TYPE,
(*
*)
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TYPE TAS bl ack_body_surface_tenperature = SELECT (
neasure_representation_item
SIR function_val ued_property);
WHERE
WRL: ((' TAS_SCHENMA. MEASURE_REPRESENTATI CN_| TEM | N TYPECH(SELF)) AND
(' TAS_SCHEVA. THERMCDYNAM C_TEMPERATURE MEASURE WTH UNIT' I N TYPECR(SELF))) XCOR
((" TAS_SCHENVA. SI R_FUNCTI ON_VALUED PRCPERTY' | N TYPECF( SELF)) AND
(SELR SI R function_val ued_property. property_usage. meani ng. r ol es[ 1] . nane=" bl ack
body surface tenperature') AND

(SELR SI R function_val ued_property. property_usage. property. nane. name="t her nodynam
Cc tenperature'));

END_TYPE;

(*

*

TYPE TAS al bedo_reflection_factor = SELECT (
neasure_representation_item
SIR function_val ued_property);
WHERE
WRL: ((' TAS_SCHENMA. MEASURE_REPRESENTATI CN | TEM | N TYPECH(SELF)) AND
(" TAS_SCHEVA. RATI O MEASURE WTH UN T I N TYPECF(SELF))) XCR
((" TAS_SCHENVA. SI R_FUNCTI ON_VALUED PRCPERTY' | N TYPECF( SELF)) AND
(SELR SI R function_val ued_property. property_usage. meani ng. rol es[ 1] . name=" al bedo
reflection factor') AND
(SELR SI R function_val ued_property. property_usage. property. nane. nane='ratio'));
END TYPE;

£*

TYPE TAS property_val ue = SELECT (

SI R _nunber _val ued_property,

SIR function_val ued_property,
SI R string_val ued_property

);

END_TYPE;
(*
*)
ENTI TY appl i cati on_cont ext;

appl i cation © text;
I NVERSE

context _elenents : SET [1:?] OF application_context_el erent
FCR frame_of _reference;

END_ENTI TY;
ENTI TY appl i cati on_prot ocol _definition;
st at us . | abel ;
appl i cati on_i nt er pret ed_nodel _schema_nane : | abel ;
appl i cati on_protocol _year : year _nunber;
appl i cation : application_context;
END _ENTI TY;

ENTI TY appl i cati on_cont ext _el ement
SUPERTYPE CF (ONECF (product _context,
product _definition_context));

name . | abel ;
frame_of reference : application_context;
END_ENTI TY;

ENTI TY product _cont ext
SUBTYPE OF (application_context_el enent);
di scipline_type : |abel;
END_ENTI TY;

ENTI TY product _defi nition_cont ext
SUBTYPE COF (application_context_el enent);
life_cycle_stage : |abel;
END_ENTI TY;
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ENTI TY product ;

id cidentifier;
nane . | abel;
description . text;
frame_of reference : SET [1:?] CF product_context;
UN QUE
URL: id;
END_ENTI TY;
ENTI TY product _cat egory;
name . | abel ;
description : CPTIONAL text;
END_ENTI TY;

ENTI TY product _rel at ed_product _cat egory
SUBTYPE OF (product _category);
products : SET [1:?] CF product;

END_ENTI TY;
ENTI TY product _definition_formation;
id : identifier;
description : text;
of _product : product;
UN QUE
URL: id, of_product;
END _ENTI TY;
ENTI TY product _definition;
id cidentifier;
description . text;
formation : product _definition_formation;
frame_of _reference : product_definition_context;
END_ENTI TY:
ENTI TY product _definition_rel ationshi p;
id cidentifier;
name . | abel ;
description T otext;
rel ati ng_product _definition : product_definition;
rel ated_product _definition : product_definition;
END _ENTI TY;
ENTI TY characteri zed_obj ect;
nane . | abel;
description : text;
END_ENTI TY;

ENTI TY property_definition;
name . | abel ;
description : text;
definition : characterized_definition;
END_ENTI TY;

ENTI TY product _defi ni ti on_shape
SUBTYPE CF (property _definition);
UN QUE
URL: SELR\ property_definition.definition;
WHERE
WRL: ' PRODUCT_PRCPERTY_DEFI Nl TI ON. CHARACTERI ZED PRCDUCT_DEFI N Tl ON
IN TYPECF (SELR property_definition.definition);

END _ENTI TY;
ENTI TY shape_aspect ;

name . | abel ;

description . text;

of _shape : product _definition_shape;

product _definitional : LOd CAL;
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END_ENTI TY;

ENTI TY shape_representation
SUBTYPE COF (representation);

END _ENTI TY;

ENTI TY property_definition_representation;
definition : property_definition;
used_representation : representation;

END _ENTI TY;

ENTI TY name_assi gnirent
ABSTRACT SUPERTYPE;
assi gned_name : | abel ;

END_ENTI TY;

ENTI TY docunent _ref erence
ABSTRACT SUPERTYPE;
assi gned_docunent : docunent;
source . | abel ;
END_ENTI TY;

ENTI TY acti on_assi gnirent
ABSTRACT SUPERTYPE;
assi gned_action : action;
END_ENTI TY;

ENTI TY approval _assi gnnent
ABSTRACT SUPERTYPE;
assi gned_approval : approval;
END _ENTI TY;

ENTI TY security_cl assification_assi gnment
ABSTRACT SUPERTYPE;
assigned_security_classification : security_classification;
END _ENTI TY;

ENTI TY organi zati on_assi gnment
ABSTRACT SUPERTYPE;
assi gned_organi zation : organi zation;
rol e : organi zation_rol e;
END _ENTI TY;

ENTI TY person_and_or gani zat i on_assi gnment
ABSTRACT SUPERTYPE;
assi gned_per son_and_or gani zati on : person_and_or gani zati on;
rol e : person_and_organi zati on_rol e;
END _ENTI TY;

ENTI TY date_and_ti ne_assi gnment
ABSTRACT SUPERTYPE;
assi gned_date_and_tine : date_and_ti ne;
rol e . date_time_role;
END _ENTI TY;

ENTI TY group_assi gnirent
ABSTRACT SUPERTYPE;
assi gned_group : group;

END_ENTI TY;

ENTI TY docunent _t ype;
product _data_type : |abel;

END _ENTI TY;
ENTI TY docunent ;
id : identifier;
nane . | abel ;

description : text;
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ki nd . docunent _type;
UN QUE

URL: id;
END_ENTI TY;

ENTI TY docunent _usage_constrai nt;
sour ce . docunent ;
subj ect _el enent . | abel;
subj ect _el ement _val ue : text;
END_ENTI TY;

ENTI TY acti on;
nane . | abel;
description T otext;
chosen_net hod : acti on_rmet hod;
END_ENTI TY;

ENTI TY executed_action
SUBTYPE OF (action);

END_ENTI TY;
ENTI TY action_rel ati onshi p;
nane : label;
description T text;

relating_action : action;
related_action : action;
END ENTI TY,

ENTI TY acti on_rret hod,;
name . | abel ;
description : text;
consequence : text;

pur pose . text;
END_ENTI TY:
ENTI TY acti on_resource;
name ;| abel;
description : text;
usage : supported_item
ki nd : action_resource_type;
END _ENTI TY;
ENTI TY acti on_resource_type;
nane : | abel;
END _ENTI TY;

ENTI TY approval _st at us;
nane : | abel;
END_ENTI TY:

ENTI TY approval ;
status : approval _status;

| evel : |abel;
END_ENTI TY;
ENTI TY approval _date_ti ne;
date tine . date_tinme_select;
dat ed_approval : approval;
END_ENTI TY;

ENTI TY appr oval _per son_or gani zati on;
person_organi zati on : person_organi zati on_sel ect;
aut hori zed_approval : approval;
role . approval _rol e;
END _ENTI TY;

ENTI TY approval _rol e;
role : |abel;
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END_ENTI TY;

ENTI TY security_classification_|evel;
nane : | abel;

END_ENTI TY;

ENTI TY security_classification;
nane . | abel;
pur pose . text;

security level : security_classification_level;
END_ENTI TY;

ENTI TY address;

internal _| ocation . CPTI ONAL | abel ;
street _nunber : CPTI ONAL | abel ;
street : CPTIONAL | abel ;
post al _box : CPTIONAL | abel ;
t own : CPTI ONAL | abel ;
region . CPTIONAL | abel ;
post al _code : CPTIONAL | abel ;
country : CPTI ONAL | abel ;
facsi m | e_nunber . CPTIONAL | abel ;
t el ephone_nunber : CPTIONAL | abel ;
el ectronic_nail _address : CPTIONAL | abel ;
t el ex_nunber . CPTIONAL | abel ;
WHERE

WRL: EXI STS(internal _| ocation)

EXI STS( st reet _nunber)
EXI STS( st reet)
EXI STS( post al _box)
EXI STS(t own)
EXI STS(r egi on)
EXI STS( post al _code)
EXI STS(country)
EXI STS(f acsi m | e_nunber)
EXI STS( t el ephone_nunber)
EXI STS( el ectroni c_nai | _addr ess)
EXI STS(t el ex_nunber) ;

END_ENTI TY;

F3I3IBIIII3

ENTI TY personal _address
SUBTYPE CF (address);

peopl e : SET [1:?] OF person;
description : text;
END _ENTI TY;

ENTI TY organi zat i onal _addr ess
SUBTYPE CF (address);
organi zations : SET [1:?] CF organi zation;

description T otext;
END _ENTI TY;
ENTI TY person;
id identifier;
| ast _nane . CPTIONAL | abel ;
first_name . CPTI ONAL | abel ;
mddl e_names : CPTIONAL LIST [1:?] CF | abel;
prefix_titles : OPTIONAL LIST [1:?] CF | abel;
suffix_titles : CPTIONAL LIST [1:?] CF |abel;
UN QUE
URL: id;
WHERE

WRL: EXI STS(| ast _nane) CR EXI STS(first_nane);
END_ENTI TY;

ENTI TY organi zati on;
id : CPTIONAL identifier;
name . | abel ;

STEP-TAS-012-AP Release 2.4 (28 March 1997)

A-15



STEP AP - Thermal Analysisfor Space Annex A - AIM EXPRESS expanded listing (normative)

description : text;

END_ENTI TY;
ENTI TY organi zati onal _proj ect;
namne . | abel ;
description . text;
responsi bl e_organi zations : SET[1:?] CF organization;
END_ENTI TY;
ENTI TY person_and_or gani zati on;
t he_per son . person;
t he_organi zati on : organi zati on;
END_ENTI TY;

ENTI TY person_and_or gani zation_rol e;
nane : | abel;
END_ENTI TY;

ENTI TY organi zation_rol e;
narme : | abel;
END_ENTI TY;

ENTI TY date
SUPERTYPE CF (ONECF (cal endar _date));
year _conponent : year_nunber;
END _ENTI TY;

ENTI TY cal endar _dat e
SUBTYPE CF (date);

day_conponent : day_i n_nont h_nunber;

nont h_component : nont h_i n_year _nunber;
WHERE

WRL: valid_cal endar_date (SELF);
END_ENTI TY:

ENTI TY coordi nat ed_uni versal _tinme_of fset;
hour _of f set : hour _i n_day;
mnute_offset : OPTICNAL minute_in_hour;
sense . ahead_or _behi nd;

END_ENTI TY:

ENTITY | ocal _tine;
hour _conponent : hour _i n_day;
m nut e_conponent : CPTI ONAL ni nut e_i n_hour;
second_conponent : CPTI ONAL second_i n_m nut e;

zone : coordi nat ed_uni versal _tine_of fset;
WHERE

WRL: valid_tine (SELF);
END_ENTI TY:

ENTI TY date_and_ti ne;
dat e_conponent : date;
time_conponent : |ocal _tine;
END_ENTI TY;

ENTI TY date_time_rol e;
nane : | abel;
END _ENTI TY;

ENTI TY group;
nane ;| abel ;
description : text;
END _ENTI TY;

ENTITY effectivity;
id ; identifier;
END_ENTI TY;
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ENTI TY naned_uni t
SUPERTYPE CF (ONECF (si_unit, conversion_based_unit,
cont ext _dependent _uni t)
ANDCOR
ONECF (length_unit,
mass_unit,
time_unit,
electric_current_unit,
t her modynani c_tenperature_unit,
anount _of _substance_uni t,
lum nous_intensity_unit,
pl ane_angl e_uni t,
solid angle unit,
area_unit,
vol une_uni t,
ratio_unit ));
di nensi ons : di mensi onal _exponents;
END_ENTI TY;

ENTITY si _unit
SUBTYPE CF (naned_unit);

prefix . CPTIONAL si_prefix;
name : si_unit_nane;
DER VE

SELF\ naned_uni t. di nensi ons : di nensi onal _exponent s
;= di mensi ons_for_si_unit (SELF. nane);
END_ENTI TY;

ENTI TY conver si on_based_uni t
SUBTYPE CF (naned_unit);

nane . label;
conversion_factor : neasure_wi th_unit;
END_ENTI TY;

ENTI TY cont ext _dependent _uni t
SUBTYPE CF (naned_unit);
nane : |abel;

END _ENTI TY;

ENTI TY | engt h_uni t
SUBTYPE CF (naned_unit);

WHERE
WRL: (SELF\ named_uni t. di mensi ons. | engt h_exponent = 1.0)
A0 (SELF\ narred_uni t . di nensi ons. mass_exponent = 0. 0)
e (SELR named_uni t . di mensi ons. ti me_exponent = 0. 0)
ii (SELR naned_uni t . di mensi ons. el ectric_current _exponent = 0.0)

(SELR\ narred_uni t . di
0.0) AND
(SELR named_uni t . di

nensi ons. t her nodynam c_t enper at ur e_exponent =

mensi ons. anmount _of _subst ance_exponent = 0. 0)
AND
(SELR nared_uni t.d
END _ENTI TY;

nensi ons. | um nous_i ntensity_exponent = 0.0);

ENTI TY nass_uni t

SUBTYPE CF (naned_unit);

WHERE
WRL: (SELR\ named_unit.d

0.0) AND
(SELR naned_uni t . di

1.0) AND
(SELR named_uni t.d

0.0) AND
(SELR narred_uni t.d

0.0) AND

nensi ons. | engt h_exponent =

mensi ons. mass_exponent =

mensi ons. t i me_exponent =

nmensi ons. el ectri c_current _exponent =
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( SELR naned_uni t . di mensi ons. t her nodynam c_t enper at ur e_exponent

0.0) AND
( SELR nared_uni t . di mensi ons. anount _of _subst ance_exponent =
0.0) AND
( SELR nared_uni t . di mensi ons. | um nous_i nt ensi ty_exponent =
0.0);
END ENTITY ;

ENTITY time_unit
SUBTYPE CF (naned_unit);
WHERE
WRL: (SELR named_uni t. di mensi ons. | engt h_exponent =
0.0) AND
(SELR nared_uni t.d
0.0) AND
(SELR narmed_uni t . di
1.0) AND
(SELR narmed_uni t.d
0.0) AND
(SELR nared_uni t. d
0.0) AND
(SELR nared_uni t . di
0.0) AND
(SELR narmed_uni t.d

mensi ons. mass_exponent =

nensi ons. ti ne_exponent =

mensi ons. el ectri c_current _exponent =

nmensi ons. t her nodynani c_t enper at ur e_exponent

nensi ons. anount _of _subst ance_exponent =

mensi ons. | um nous_i nt ensi ty_exponent
0.0);
END _ENTI TY;

ENTITY el ectric_current _unit
SUBTYPE CF (naned_unit);
WHERE
WRL: (SELR narred_uni t. di mensi ons. | engt h_exponent =
0.0) AND
(SELR nared_uni t.d
0.0) AND
(SELR nared_uni t. d
0.0) AND
(SELR nared_uni t . di
1.0) AND
(SELR nared_uni t.d
0.0) AND
(SELR named_uni t.d
0.0) AND
(SELR nared_uni t . di

mensi ons. mass_exponent =

nensi ons. ti me_exponent =

nensi ons. el ectri c_current _exponent =

nmensi ons. t her nodynami c_t enper at ur e_exponent

mensi ons. anount _of _subst ance_exponent

nmensi ons. | um nous_i nt ensi ty_exponent
0.0);
END_ENTI TY;

ENTI TY t her nodynani c_t enper at ure_uni t
SUBTYPE CF (naned_unit);
WHERE
WRL: (SELR named_uni t. di mensi ons. | engt h_exponent =
0.0) AND
( SELR narred_uni t . di mensi ons. mass_exponent =
0.0) AND
(SELF\ narred_uni t . di nensi ons. ti me_exponent =
0.0) AND
(SELR narmed_uni t . di mensi ons. el ectri c_current _exponent =
0.0) AND
( SELR nared_uni t . di mensi ons. t her nodynam c_t enper at ur e_exponent
1.0) AND
( SELR naned_uni t . di nensi ons. anount _of _subst ance_exponent =
0.0) AND
( SELR narmed_uni t . di mensi ons. | um nous_i nt ensi ty_exponent

0.0);
END_ENTI TY;

ENTI TY armount _of _subst ance_uni t
SUBTYPE CF (naned_unit);
WHERE
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WRL:
0.0) AND
(SELR\ naned_uni t.
= 0.0) AND
(SELR\ narred_uni t .
= 0.0) AND
( SELR naned_uni t . di nensi ons
= 0.0) AND
( SELR\ naned_uni t . di nensi ons
= 0.0) AND
(SELR\ narred_uni t . di mensi ons
= 1.0) A\D
( SELR naned_uni t . di nensi ons
= 0.0);
END_ENTI TY;

ENTI TY | umi nous_i ntensi ty_unit
SUBTYPE CF (naned_unit);
WHERE

0.0)
0.0)
0.0)
0.0)
0.0)
0.0)

1.0);

WRL:
AND

(SELR nared_uni t . di

AND

(SELR narmed_uni t.d
(SELR named_uni t.d
(SELR naned_uni t . di

(SELR narmed_uni t.d

AND

(SELR nared_uni t.d

(SELR narred_uni t . di

END_ENTI TY;

ENTI TY pl ane_angl e_uni t
SUBTYPE CF (naned_unit);
WHERE

0.0)
0.0)
0.0)
0.0)
0.0)
0.0)

0.0);

WRL:
AND

(SELR named_uni t.d

AND

(SELR nared_uni t . di
(SELR\ narred_uni t . di
(SELR named_uni t.d

(SELR narred_uni t.d

AND

(SELR\ narred_uni t . di

(SELR nared_uni t . di

END_ENTI TY;

ENTI TY solid_angl e_unit
SUBTYPE CF (naned_unit);
WHERE

0.0)
0.0)
0.0)
0.0)

0. 0)

WRL:
AND

(SELR naned_uni t . di

AND

(SELR named_uni t . di
(SELR narred_uni t.d
(SELR naned_uni t . di

(SELR named_uni t.d

(SELR\ narred_uni t . di

mensi ons

nensi ons.

mensi ons

nmensi ons.
nensi ons.
mensi ons.

mensi ons.

mensi ons.
nmensi ons.
nensi ons.
nensi ons.
nmensi ons.
nensi ons.

nmensi ons.

nmensi ons.
nensi ons.
nmensi ons.
nmensi ons.

nensi ons.

mensi ons

( SELR naned_uni t. di nensi ons. | engt h_exponent
di nensi ons. mass_exponent

di mensi ons. ti me_exponent

.| engt h_exponent
nmass_exponent

. ti me_exponent

| engt h_exponent
mass_exponent

ti me_exponent

| engt h_exponent
nmass_exponent

ti me_exponent

. amount _of _subst ance_exponent

t her nodynani c_t enper at ur e_exponent
anount _of _subst ance_exponent

| um nous_i ntensity_exponent

t her nodynani c_t enper at ur e_exponent
anount _of _subst ance_exponent

| um nous_i ntensi ty_exponent

t her nodynami c_t enper at ur e_exponent

.electric_current _exponent
. ther nodynani c_t enper at ur e_exponent
. amount _of _subst ance_exponent

.l um nous_i nt ensi ty_exponent

el ectric_current_exponent =

el ectric_current_exponent =

el ectric_current_exponent =
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0.0) AND

( SELR nared_uni t . di mensi ons. | um nous_i nt ensi ty_exponent

0.0);
END_ENTI TY:

ENTI TY area_unit
SUBTYPE CF (naned_unit);

WHERE
WRL: (SELR named_uni t. di mensi ons. | engt h_exponent = 2.0)
e (SELR narred_uni t . di nensi ons. mass_exponent = 0. 0)
A (SELR naned_uni t . di mensi ons. ti me_exponent = 0. 0)
ZI\\E (SELR nared_uni t . di mensi ons. el ectric_current _exponent = 0.0)

(SELR nared_uni t.d
0.0) AND
(SELR nared_uni t . di

AND
(SELR narmed_uni t.d
END _ENTI TY;

ENTI TY vol urre_uni t
SUBTYPE CF (naned_unit);

nensi ons. t her nodynani c_t enper at ur e_exponent
nensi ons. anount _of _subst ance_exponent = 0. 0)

mensi ons. | um nous_i ntensi ty_exponent = 0.0);

WHERE
WRL: (SELR narmed_uni t. di mensi ons. | engt h_exponent = 3.0)
e (SELR narred_uni t . di nensi ons. mass_exponent = 0. 0)
A0 (SELR naned_uni t . di mensi ons. ti me_exponent = 0. 0)
x (SELR nared_uni t . di mensi ons. el ectric_current _exponent = 0.0)

(SELR nared_uni t. d
0.0) AND
(SELR nared_uni t . di

AND
(SELR nared_uni t.d
END_ENTI TY:

ENTITY ratio_unit
SUBTYPE CF (naned_unit);

nensi on